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PREFACE 


The original objective of this research was to character- 
ize glass particles in the lunar soil and to compare them 
to terrestrial analogues. These objectives have been met. 

In addition the study provided useful information concerning 
the nature of lunar surface processes (e.g, volcanism and 
impact) , maturity of soils and chemistry and heterogeneity of 
lunar surface material, I feel, however, that the most im- 
portant result of this study (v/hich is supported by the work 
of A.M, Reid, E.C.T Chao, K, Keil and others) is that it 
demonstrates that the investigation of glass particles from 
the regolith of planetary bodies with little or no ' atmospheres 
can be a powerful method for learning about surface processes 
and chemistry of planetary surfaces. Thus I urge NASA to move 
ahead with any plans for the return of samples from other 
planetary bodies (especially the terrestrial planets and 
asteroids) using unmanned spacecraft. 
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Introduction 


In my original proposal, I pointed out that it was lilsiely 
that the lunar soil v/ould contain significant amounts of micro- 
scopic glassy particles of impact and/or volcanic origin, 

The objective was to study the glass particles, to establish 
their origin and to compare them with terrestrial igneous 
glasses and tektites. After investigation of Apollo 11 samples 
it became apparent that glass particles recovered from the 
lunar soil could tell us much about Imiar surface processes 
(e.g. meteoi'ite impact, volcanism and radiation history) and 
chemistry and heterogeneity of the lunar surface. Ihus the 
study of the chemistry of the lunar surface (based on major 
element analysis of glass particles) v/as the major objective 
of all of my subsequent research. In order to accomplish 
these objectives twenty 0.25 4.88 gm samples of less than 

one millimeter lunar soils v^ere studied (Table 1) . Glass par- 
ticles from Luna 16 and Luna 20 v/ere also studied. A list 
of publications (and papers in press or preparation) re- 
sulting from HASA grant nGR-08-0Oi-029-o4o is given in 
Appendix A. 


Method of Analysis 

Each sample was sieved into three to six size fractions 
using nylon sieves. The m'odal composition of most size 
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fractions v;as then determined using a t)inocuiar microscope 
with up to 50X magnification. In. this way the relationship 
■between glass content and other soil components was 
determined. Glass particles, particularly spherules, v/ere 
removed using a wooden pickj described as to size, shape, 
color, transparency and surface features; and then placed 
into glass cavity slides , 

For most of the samples, all of the glass particles 
(particularly the homogeneous-appearing fragments and spher- 
ules) from the coarser size fractions (>1^9 were mounted 
for electron microprobe analysis. Random glass particles 
were picked from the finer (<1^9 size fractions and also 
mounted for electron microprobe analysis. Each particle 
was individually described and mounted in a l/k inch metal 
cylinder with epoxy, ground dov/n to expose a flat surface 
and polished using 6 micron diamond paste and then 0.05 micron 
alumina oxide powder. Prior to mounting them for electron 
microprobe analysis, the refractive indices of some (-^^OO) 
particles were determined by the oil immersion method, usually 
to within + 0.002. 

Apollo I2-I? samples were analyzed using the electron 
microprobe facilities of the Planetology Branch at Goddard 
Space Flight Center. The Apollo 12, 1^ and part of the 
Apollo 15 samples v/ere analyzed with an ARL microprobe anal- 
yzer with three spectrometers, thus requiring three runs to 
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analyze for nine elements. Part of the Apollo 15 and all 
of the Apollo 16 and 17 samples v/ere analyzed using three 
spectrometers in combination \vith an energy dispersive sys- 
tem. This improved the analyses in some respects, since 
nine or more elements could he analyzed for simultaneously, 
hut the accuracy for many of the elements was not as good 
as v/hen the analyses were determined entirely hy the wave- 
length dispersive system. Potassium and titanium values 
seemed to he the worst and often gave negative values. This 
was probably due to the problem of correcting for back- 
ground when ^ using the energy dispersive system. The Apollo 
11 glasses (sample 10084,138) were analyzed using the micro- 
probe facilities of the Division of Meteoritics at the 
Smithsonian Institution in Washington, D.G. Part of the 
analyses were done on a three spectrometer electron micro- 
probe and part on a nine spectrometer electron raicroprobe. 

All of the samples vjere analyzed for Si, Ti, Al, Fe, Mg, 

Ca, Na, K and Mn. In addition, some were analyzed for P 
and some for Gr. Quartz (SiOg), synthetic corundum (Al^O^) 
and glasses made up by Corning Glass Company and analyzed 
by the U.S.G.S. were used as standards for electron micro- 
probe analyses. 

After electron microprobe analysis the polished sections 
were studied using a petrographic microscipe and the presence 
or absence of vesicles, relict crystalline inclusions, de- 
vitrification and metallic particles was noted for each sample 
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analyzed, 

A particle trade study was made of twelve Apollo 14 
glasses from sample 14163 l>y G* A. V/agner and D. Storzer, 

The particle study was done in order to determine the uran- 
ium content and radiation history of glass particles whose 
major element composition had previously "been determined 
by electron microprohe analysis as discussed above. For a 
discussion of method of analysis see Glass ^ al. (1972)^ 

Major Results 

GRAIN SIZE. , 

The most coarse-grained samples are two of the highland 
samples: 63501 and 6850I (Table 2). The third highland sam- 
ple (64501) is also coarse-grained, but not as coarse as 
two Apollo 14 samples (14230,82 and 14149) nnd one Apollo I7 
sample (74241) . The most fine-grained sample investigated 
is the orange soil from Apollo 17 (74220) , Apollo 15 soil 
sample, 15301 j contains a large percentage of green glass 
spherules and is also fairly fine-grained. The Apollo 11 
sample (10084) and Apollo 12 sample 12001 are intermediate 
in grain size, 

MODAL GOMPGSITION. 

Sample 15301 has a high content {<^ 20 %) of homogeneous, 
transparent, emerald green glass spherules and fragments. 

The Apollo 17 orange soil (74220) contains ^90jJ deep red to 
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black opaque glass spherules and fragments. Sample 
also has a high percentage i'^ZOfo) of deep red to black 
opaque glass spherules and fragments. These samples, there- 
fore, have anomalously high glass contents i3?~93%) as com- 
pared with the remainder of the samples which only contain 
from 7 to 26fo discrete glass particles (Table 3) . 

The highland samples (63501, 64501 and 68501) can be 
distinguished from most of the mare samples by their higher 
crystalline (lithic plus mineral fragments) content and 
lower glass content (Table 3) . The highland samples are 
also unique, in that they contain high percentages of feldspar 
fragments (up to 20%) jls compared with the mare samples 
w'hich generally contain a greater percent of pyroxene frag- 
ments. Apollo 17 sample 78421 is in some respects more 
similar to highland samples than to mare samples. It has 
a high feldspar content and low glass content (Table 3) • 

Three Apollo 14 samples (I4l49; 14230,75; and 14230,82), 
like the Apollo 16 highland samples, have high crystalline 
contents and also low agglutinate contents (Table 3) • 411 

three of these samples are subsurface samples: 14149 is from 
the bottom of a trench? and 14230,75 and 14230,82 are core 
samples. Samples 10084, 1504l and 78421 have the highest 
agglutinate (glazed aggregate) contents of all the samples 
studied. 

Most samples show a systematic variation in composition 
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with grain siae. In general, the lithic content decreases 
and the mineral grain and glass content i icrease with de- 
creasing grain siae (^ahle 3) • Ih- addition, the perc^" !: 
abundance of spherules generally shows an increase v/ith 
decreasing grain siae (Table 3 ) • There dees not, however, 
appear to be any systematic variation in agglutinate con- 
tent v/ith decreasing grain size. 

As would be expected, the number of spherules per gram 
of sample also increases v/ith decreasing grain size (Table . 
Regardless of the spherule content of a given sample the 
increase in^ number of spherules v/ith decreasing grain size 
is approximately the same. On the average the 275~500 ;i:im 
size fraction has nine times as many spherules as the 505“ 
1000 p,m. size fraction, Hov/ever, this trend is not obvious 
in any given sample because of the rarity of spherules in 
these size fractions. The 149-2^5 size fraction contains 
a little less than eight times as many spherules as the 295" 
505 wm size fraction and likewise the 7^“1^9 size fraction 
contains approximately eight times as many as the 1^9"295 lim 
size fraction. The average increase in spherules v/ith de- 
creasing grain size, as shown in Table 4, is dominated by 
a fev/ samples v/ith high spherule content; I5IOI, I530I, 7^220 
and 7^241. Ro spherules were recovered from the 505“i000 ptW. 
size fraction of these samples and the increase in spherules 
with decreasing size fraction is generally lower than for 
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•fehe remainder of the samples. The spherules in these sam- 
ples (15101, 15301, 7^220 and 7^2^1) are probably of vol- 
canic origin (see discussion section), whereas the spherules 
in the remainder of the samples are probably mostly of 
impact ox’igin. (Evidence for an impact origin will be 
discussed in a later section.) 

DESCRIPTION OF SPHERULES. 

Snaoe . Over 3OOO glass spherules have been described. 
Excluding fragments and irregular forms, spherical to oval- 
shaped forms represent approximately of the spherules 
recovered (Table 5) ■ Teardrop and dumbbell -shaped spherules 
make up less than k%, with teardrops about 2.5 times as 
abundant as dumbbell forms. 

Size . The size distribution of glass spherules (over * 
2000) is similar for all the samples (Table 6) . The number 
of spherules increases v?ith decreasing size. Less than 
one half of a percent occurred in the largest size fraction, 
while nearly 6q% occurred in the smallest size fraction (88- 
124 ;^m) for \vhich records were kept. 

Color . The glass spherules (and fragments) studied 
range from opaque to transparent and occur in a v/ide range 
of colors from colorless, to green, yellov/, brown, red and 
black and all shades in between. Glass spherules from the 
mare sites are predominantly yellow, brown or red in color. 
Colorless to pale green spherules are ubiquitous in mare 



samp's '^'=5 , but rare (Table 7)* Spherules from the highland 
samples, on the other hand, are mostly colorless to green 
or yellov/. 

Two samples are unusual in that they contain a high 
concentration of spherules v/ith homogeneous appearance (and 
compositions). Sample 15301 contains mostly transparent 
emerald green spherules, whereas 7^220 contains mostly deep 
red to opaque black spherules. Sample 15101 also contains 
a large percentage of emerald green spherules like those 
found in 15301. Likev/ise, sample ?42^1 contains a large 
number of spherules like the deep red to opaque black spher- 
ules found in sample 7^220. 

Surface features . The general appearance and surface 
texture of glass spherules from each sample v/ere described 
v;ith the aid of a binocular microscope with up to $0X mag- 
nification. A more detailed study, using a scanning electron 
microscopt, (SEM) , was made of approximately eighty glass 
particles (mostly spherules) from Apollo 11, 12, 1^ and 17 
and one from Luna 16. The following features were found 
to be common on glass particles from every collection sites 
attached rock and mineral grains and rock flour, exposed 
vesicles, splashed silicate glass, metallic beads and mounds, 
impact pits and spallation zones. 

Many of the opaque spherules have minute mineral grains 
or rock fragments embedded in or coating their surface (Fig. 
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The attached grains are often only on one side of the spher- 
ule, suggesting that they were embedded into the surface 
of the spherule as it landed on the regolith while still 
in a partially molten state. 

Ropy to platy-shaped glassy fragments have been found 
that have a coating of very fine-grained light-colored 
dust (rock flour) (Fig. lb). According to Meyer ^ al. (1971) 
the dust coating on the Apollo 12 ropy fragments is feldspar- 
rich. Most of these rock flour-coated, ropy to platy 
fragments have a KREEP composition (see section on chemistry) , 
Similar fragments have been found in varying abundances 

I 

at all of the collection sites but appear to be most abun- 
dant in the Apollo 12 and 14 soil samples. 

Many of the opaque spherules have exposed vesicles 
which were apparently formed by outgassing (Fig. Ic) . None 
have been observed on transparent glass spherules. 

Blebs and/or coatings of silicate glass (Fig. Id) have 
been observed on approximately a third of the glass par- 
ticles studied. In some cases the splashed silicate glass 
has a composition indistinguishable from the glass spherule 
on which it occurs; in other cases the compositions appear 
to be slightly different. 

Metallic beads or mound-like structures are visible 
on many of the glass particles. They range vn diameter from 
less than 1 ;nm up to at least 25 In general, the beads 
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or mounds are raiidomly scattered over the surface of the 
spherules (Fig. 2a). In some cases they have coalesced to 
form irregular masses (Fig. 2h) . Hov/ever^ on several of 
the spherules the metallic heads occur in a geometric pat- 
tern (Figs. 2c & d) . The geometric pattern consists of 
large heads surrounded hy a circle of smaller beads, fhe 
circle of smaller heads occurs out from the central head a 
distance that is approximately equal to the diameter of the 
large central head. In some cases the central head has fal- 
len out leaving a depression that is surrounded hy a ring 
of small he^ds. (The geometric pattern is prohahly pro- 
duced immediately after formation of a spherule when it is 
coated with a thin layer of Ni-Fe as it passes through a 
cloud of vaporized metal from the meteorite whose impact 
produced the glass. The metallic coating then draws up 
into heads due to surface tension and the larger heads sink 
into the still hot and partially molten surface of the glass 
spherule. On cooling the metal shrinks and in several cases 
falls out, leaving a shallow depression.) Electron micro- 
prohe analysis shows that the heads are predominantly Hi-Fe, 
hut sulfur- and phosphorus-rich beads or mounds are also 
common (Canter and MacGregor, 1970)* 

Impact pits have been observed on a large number of 
glass particles (Fig. 3a). Several different types of mor- 
phologies have been observed! simple glass -lined pits with 
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a raised rim, glass-lined pits with spallation zones sur- 
rounding them and glass-lined pits v/ith radial fracture 
zones surrounding them, 

A Luna 16 glass head was studied that has a rather 
large (*^200 /jim dia.) microcrater on the surface with a 
centrally-located glass-lined pit slightly elevated above 
the surrounding area (Fig. 3) < Surrounding the pit is a 
radial fracture zone, half of which has spalled off. The 
spall zone is more than half again as large as the radial 
fracture zone. It appears that if the 'impact had been less 
energetic, spallation v/ould not have occurred and the cen- 
tral pit would have been entirely surrouuuod by a radial 
fracture zone. However, if the impact event had been more 
energetic, then the spallation would have probably com- 
pletely removed the radial fracture zone producing an impact 
crater with a larger diameter (Glass, 1972). 

Many glass spherules are broken or have large con- 
ohoidal fracture marks on their surfaces that are probably 
the result of low velocity impact (Fig. 3) • 

PETROGRAPHY. 

Refractive index . The refractive indices of over hOO 
glass particles were determined. The glasses have a wide 
range in refractive index, from l.h85 to 1.71 » and show 
a polymodal distribution (Fig, 4), The red glasses from 
the Apollo 17 orange soil have the highest refractive 



- 12 - 


index (R,I.) measured and the high SiOg "granitic" glasses 
have the lowest. 

Refractive index correlates well v/ith glass color i and 
both R.I. and color are related to the composition (Figs, 5 & 
6 ) , 

A plot of R.I, versus SiOg content shows two trends. 

One group consisting mostly of pale green to greenish yel- 
lov/ glasses has a wide range in SiOg content, but shows a 
rather small range in R.I. (mostly 1.595) ■ These glasses 
have high Al^O^ and CaO contents and low FeO and Ti02 con- 
tents. The ^second group of glasses have a much ^ider range 
in composition and R.I. These glasses show a strong in- 
verse correlation between R.I. and SiO^ content. In general, 
the dark brown to red glasses have high FeO and low SiO^ 
contents and high refractive indices? v/hereas, the light- 
colored (colorless, yellov/ to yello\7-brovm) glasses have 
lov/ FeO (and TiOg) and high SiO^ contents and lov/ refractive 
indices. 

Vesicles . Only about 16^S of the glass particles that 
vfere mounted for electron microprobe analysis (excluding 
the opaque spherules found in the Apollo 17 orange soil) 
were opaque. Of these, nearly 6o^ v^ere observed to con- 
tain vesicles. On the other hand, less than 20;^ of the non- 
opaque spherules contain vesicles. 

Inclusions > Debye-Scherrer x-ray diffraction patterns 
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obtained for approximately twenty Apollo 11 and 12 glass 
particles indicate that the most common crystalline phase 
present is pyroxene and feldspar with some oli-vine, ilmenite 
and metallic iron, 

Petrographic studies were made of most of the polished 
sections prepared for electron microprohe analysis, and 
occasionally an inclusion vjas analyzed during electron micro- 
prohe analysis in order to help in identification, Plagio- 
class v/as the most often encountered phase. Pyroxene was 
also common and olivine and ilmenite v;ere identified oc- 
casionally, ' Metallic particles were common. Based on form 
and composition, the crystalline inclusions can be separated 
into several different types i relict minerals, metallic 
spherules and crystals, and crystals produced by devitrifica- 
tion. 

Relict crystal inclusions. Rounded mineral grains that 
appear to be inclusions of pre-existing minerals were ob- 
served in approximately 40yS of the opaq[ue glasses (ex- 
cluding the opaque spherules from the Apollo 17 orange soil) 
(Fig. 7a), whereas only 10^ or less of the non-opaque glasses 
contained relict inclusions. As mentioned above, the most 
coraraon phases were pyroxene and plagioclase (anorthite) 
with some olivine and ilmenite. 

Metallic spherules. Metallic spherules were observed 
in approximately 10^ of the glasses, (Approximately 20^ 



of the opaque spherules contain them. ) Nearly half of the 
Apollo 12 glasses v^ere observed to contain metallic spher^* 
ules, but less than 2^ of the Apollo 11, li^, 15, 16 and 1? 
glasses were observed to contain them. Metallic spherules 
range in size from^ll ;;m to at least 30\^m in diameter (Fig, 

7b) , In some particles numerous submicron-sized metallic 
spherules delineate flow lines. In many of the glass 
spherules the metallic spherules are located near the sur- 
face. 

Most of the metallic spherules are composed or iron 
with a few percent nickel. However, others are rich in 

I 

Ni, S or P (for example see fable 8) . 

Black, opaque, octahedral crystals (2 to 5 dia.) 

(Fig. 7c) have been observed in several glass particles. 
Electron microprobe analysis indicates that they are com- 
posed of Fe and Ni with a trace of Co, fhe glass 

particles containing the Ni-Pe crystals are homogeneous 
and are free of Hi-Fe spherules or other crystalline materials. 
In a few cases the T|i-Fe crystals occur in a curved plane 
through the glass particle with other crystals scattered" 
through the glass. 

Devitrification, Excluding the glasses from the Apollo 
1? orange soil, approximately Jfo ot the glasses studied 
were partially or completely devitrified,, fhe devitrifica- 
tion product is most often plagioclase (Fig. ?d) . 
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CHEMISTRY. 

The major element compositions of over 1000 glass 
particles have "been determined Apollo 11, l6l Apollo 12, 
315 Apollo 1^, 207 Apollo 15, 190 Apollo 16, 213 Apollo I7, 

1 Lana 16 and 20 Luna 20 glasses) (Table 9) . These glasses 
show a w'ide z-aiige in composition, hut most of the glasses 
from a given site have compositions similar to the rocics 
found at that site (Glass, 1971a; Glass, 1971h; Glass et al., 
1972; Glass, 1973). average composition of the glasses 

from a given soil sample is similar to the hulk composition 
of the soil ^ (Table 10). 

Histograms, variation diagrams, and cluster analysis 
shov; that the glass analyses tend to fall into clusters or 
groups (Glass, 1971a; Glass, 1971b; Glass ^ , 1972; Glass, 

1972; Glass, 1973; Reid ^ M.* » 1972b). . A discussion of 
these groups is given in the discussion section. 

UNIQUE GLASSES. 

Apollo 15 Green Glasses . Transparent, emerald green 
glass spherules that are extremely homogeneous in composition 
are very abundant in some Apollo 15 samples. These glasses 
have low TiOg ('^0.5i«)j -^^2^3 high FeO (*.'20?a) and 

MgO contents. The TiO 2 content is especially low 

for glasses v/ith an FeO content that high. 

Although mostly spherical in shape, many diOTbbell, 
teardrop and disc shapes were also observed. Many of the 
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spherules are chipped or "broken and fragments are common. 
These glasses do not contain vesicles, Ho relict crystal- 
line inclusions have heen observed, but several spherules 
have partly or completely devitrified to olivine 
giving them an opaque cream yellow color. On spherule con- 
tains a rather large (^^50 dia.) Ni-Fe spherule. 

The green glasses are most abimdant in the soils from 
the Apennine Front, especially in soil from Spur Grater 
(Apollo 15 Preliminary Examination Team, 1972) , The >1^9 pim 
size fractions of samples 15301 » 11?} 15101,12:3 and 150^1,85, 
contain approximately 18 ^, 2?S and 0 , 3 ?^ transparent green 
glasses, respectively. Glasses with this composition have 
not been reported from the Apollo 12 site and none have 
been found during this investigation in any Apollo I 7 sam- 
ple, Hov^ever, glasses similar in appearance, and composition 
to the Apollo 15 green glasses have been found in Apollo l4 
samples and rarely in Apollo 11 and 16 samples. Since 
the Apollo 1^1- site is located, in the Fra Llauro Formation 
which is believed to be ejecta from the Imbrian Basin, 
the green glasses found in the Apollo 1^ samples may have 
also originated in the Imbrian area. 

Anollo 17 Grange Soil Glasses . One of the highlights 
of the Apollo 17 mission v;as the discovery of orange soil 
found on the rim of Shorty Crater. This soil is composed 
almost entirely of opaque black to transparent deep red glass 
spherules similar in size and shape to the Apollo 15 green 
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glasses, And, lilce the Apollo 15 green glasses, the trans- 
parent deep red spherules are homogeneous in composition, 
not only within a given particle, but also from particle 
to particle, These glasses are characterized by their high 
TiOg , FeO and MgO (-^155^) and low SiOg (^39^) f 

AlgO^ (r'6fo) and OaO (^6.5?^) contents (Glass, 1973)* They 
have a refractive index somewhat greater than 1.71* 

Again, a large proportion were chipped or broken and 
fragments v/ere common. Microraeteorite impact craters v/ere 
not observed, indicating short surface exposure time. They 
do not contain vesicles, relict crystal inclusions or metal- 
lic spherules. Many of the black opaque spherules have 
partly devitrified. The devitrification product is lath-' 
shaped olivine crystallites (FOr^^) bordered by small crystals 
of ilmenite. 

The opaque glasses have a wide range in composition, 
but their modal composition is the same as the average com- 
position of the red spherules. Variation diagrams show 
that the analyses of these glasses establish linear trends^ 
that all have as one end member the composition of the olivine 
crystals in the opaque glasses and that pass through a point 
representing the average composition of the red glasses 
(Glass, 1973). This demonstrates that the variation in ob- 
served composition vjas produced by crystallization of the 
olivine crystals. 
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Glass particles similar in appearance composition 
to the deep red glass spherules in the Apollo 17 orange 
soil have been found at other sites (e.g. Apollo 11) » 

Transparent Pale-Green High Al ^Q ^ Glasses . Another 
group of glasses that deserves special mention is comprised 
of transparent pale-green glass fragments with high AlgO^ ■ 
contents (Ave.^25/^) that are rare, hut ubiquitous. These 
glass fragments (often rounded) have a distinct pale- 
green color and often have a dark-colored rock flour coat- 
ing one or more surfaces. They do not contain vesicles or 
relict mineral inclusions and only occasionally contain 
metallic spherules. Some have partly devitrif led to plagio- 
clase. Most have a refractive index of "^1,595 » but a smaller 
group tha’*' is similar in appearance and composition has, an 
average R.I. of '^1. 588. They are homogeneous within a 
single fragment an.d from particle to particle and from one 
site to the next (Table 11) . They are compositionally similar 
to a large group of glasses with an average AlgO^ content 
of commonly found in highland soils. However, the pale- 

green glass fragments are more common in mare soils than in 
the highland samples investigated. 

Discussion 

GLASS COIITEMT AS A MEASURE OF SOIL MATURITY. 

During the passage of time the lunar soil becomes finer 
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as a result of repeated 'bom'bartitnents "by meteorites. Meteor- 
ite ■bombardment also produces glass and welds together 
soil fragments to produce 'oreccia. Thus the maturity or 
age of a lunar soil should "be reflected in its grain sise 
and composition. That is to say, the average grain size 
decreases and the glass and breccia content increase with 
increasing maturity or age (for a more complete discussion 
see Lindsay, 1972) . Using the glass content as a measure 
of age or maturity, however, should be done v/ith caution 
as glass can be produced by volcanic aS’ v/ell as impact events. 
For example j the Apollo 15 green glass and Apollo 17 orange 
soil glass may have been formed by volcanic processes (this 
is discussed further in a later section), McKay et (1972) 
suggest that the content of glazed aggregates (or glassy 
agglutinates) may be a better measure of soil age or maturity 
than the total glass content, since such particles are 
probably produced only by meteorite bombardment. Variation 
diagrams of percent glassy agglutinates versus the percent 
of the soil in the finer size fractions shovis that in gener- 
al the glassy agglutinate content of the soil increases 
with decreasing average grain size of a soil (Fig. 8), 

ORIGIN OF LUI’IAR GLiVSSES. 

There is a great deal of evidence indicating that much 
of the glass found in the lunar soil v;as produced by meteor- 
ite impact. First of all, many of the lunar rocfcs and fragments 
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i'‘ecovered from the soil show evidence of shock metamorphism 
(Sclar, 1970 ; Short, 1970) . In addition, many of the glass 
particles themselves show evidence of having an impact 
origin. Such evidence includes: 1) chemical heterogeneity, 

2) inclusion of Ki-Fe spherules, and 3) inclusions of highly 
shocked relict crystals. As discussed in an earlier section, 
all of the above features are particularly characteristic 
of opaque glass particles, hut are extremely rare in trans- 
parent glasses. In addition to the above evidence, glasses 
of monominerallic compositions are often found (e.g. masky- 
linite) . (For a more complete discussion of the evidence 
for an impact origin of lunar glasses see Chao et 1970- ) 

There is also evidence that at least some of the lunar 
glasses were produced by volcanism. The opaque black to 
deep red glass particles that make up the Apollo I 7 orange 
soil were apparently produced by volcanism. In addition 
to the negative evidence for impact (i,e. homogeneity, ab- 
sence of ni-Fe spherules and shocked relict crystalline In- 
clusions) some of the glasses were found to contain euhedral 
olivine crystals that appear to be phenocrysts (KcICay & 

Heiken, 1973 ) • r.'iany authors have suggested, therefore, 
that the Apollo 1? orainge soil glasses have a volcanic 
origin (Reid et al. , 1973? McKay & Heiken, 1973; Glass, 1973)* 
It has further been suggested that these glasses v;ere pro- 
duced by lava fountaining and that by analogy the Apollo I 5 
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green glasses v/ere produced in a similar manner (Reid 
^al. , 19?3 j McKay & Heiken, 1973). 

Thus there is evidence that many of the glasses, par- 
ticularly the opaque heterogeneous ones, are produced hy 
impact} while others, for example the Apollo 17 orange soil 
glasses and possibly the Apollo 15 green glasses, are pro- 
duced by volcanisra. It is not possible to tell the origin 
of many of the transparent glass particles due to the ab- 
sence of the cri'jeria discussed above that v/ould indicate 
either an impact or volcanic origin. At least some of these 
trLinsparent glasses may have been formed by impact since 
one v/as found to contain a lechatelierite particle (Glass, 
1971 ). Others, however, could have been formed by volcanism. 
Thus the relative abundance of impact-generated versus 
volcanically-produced glasses in the lunar soil is not knov/n, 
VAPOR FRACTIONATION. 


Based on major element analyses, 125 Apollo 12 glass 
particles from sample 12057 were divided into six groups 
(Glass, 1971 ) . Most of the glasses were similar in composi- 
tion to the Apollo 12 crystalline rocks; especially one 
group referred to as normal basaltic glasses. The glasses 
in a second group, referred to as low-alkali basaltic 
glasses, are similar to the normal basaltic glasses, but 
have slightly higher average TiOg, AlpO^, MgO and CaO and 
lower NagO, K^O, PgO^ and SiOg contents. This difference 
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in composition is v/hat would "be expected as a result of 
vapor fractionation. 

Also in support of vapor fractionation is the fact 
that nearly all the low-alkali "basaltic glasses are small 
(<150 jum dia.) spherules v«rithout bubble cavities or crystals- 
line inclusions. The normal basaltic glasses, 6 n the other 
hand, generally contain crystalline inclusions. This sug- 
gests that the low-alkali basaltic glasses w^re heated more 
intensely than were the normal basaltic glasses. 

Since the lunar glasses show distinct clustering ac- 
cording to composition and since the bulk of the glasses 
1 

from each collection site are similar in composition to the 
rocks and fines from the same site, it is unlikely that the 
major element contents of most of the glasses have been 
changed appreciably by vapor fractionation, Chao et al , 
(1970) also conclude that the major element contents of 
the lunar glasses they studied have not been appreciably 
affected by volatilisation, and that the present compositions 
of these glasses probably closely reflect the compositions 
of the parent materials. 

LUHAR SURT'AGE CHEKISTRY AS DEDUCED PREFERRED GLASS 

G01!.lPOSITI0i;S , 

Many of the glass particles found in the lunar fines 
represent homogenized portions of lunar surface material 
whether formed by impact or volcanism. A gram sample 
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of < i mm fines will contain hundreds or thousands of such 
particles >50 /im in diameter. According to Shoemaker ^ al . 
(1970) '^/50^ of the regolitli at the Apollo 11 site (and pre- 
sumably other sites) is expected to have come from a dis- 
tance less than 3.1 km, about 5^ from distances greater 
than 1,0 km and as much as 0,5i^ or more from distances greater 
than 1000 km. fhus the investigation of lunar glass par- 
ticles from a single sample of -^1 mm fines can indicate a' 
great deal about the composition and heterogeneity of the 
lunar surface within a radius of several hundred kilometers 
of the collection site, 

I 

Histograms of AlgO^ content of the glasses from each 
site show a polymodal distribution (Fig, 9) ■ Ibe glasses 
from each site can be divided into two main groups: 1) high 
aluminum glasses with AlgO^ contents >~22^, and 2 ) low 
aluminum glasses v/ith ^IgO^ contents <,'^22?S. The high aluminum 
glasses themselves can be divided into several groups bases 
on AlgO^ contents. The majority of the high aluminum 
glasses have an Alp,0^ content between and 29 ^ with a 
mode of <^ 25 ^. These glasses have compositions equivalent 
to anorthositic gabbro. Glasses with this composition are 
referred to as highland basalts by Reid ^ (1972). 

A second group of high Al^O^ glasses has a mode at 
''' 30 ?^ AlpO^ and is anorthositic or gabbro anorthositic in 
composition. A third group has a mode of AlgO^, The 



glasses in this last group have essentially anorthite com- 
positions and many are probably maslcylinite (diaplectic 
plagioclase glass) , 

The high aluminum glasses have compositions similar 
to the soil, breccias, and crystalline roclts found at the 
two highland sites, Apollo 16 and Luna 20. In addition, 
orbital x-ray fluorescence data obtained during Apollo I 5 
and 16 show that the hgihlands have maximum Al/Si ratios 
that lie between anorthositic gabbro and gabbroic anorthosite. 
(Adler et al. , 1973) • Thus the high a.i.uminum glasses were 
probably derived from the lunar highlands. This is con- 
sistent with the abundance of these glasses in the lunar 
samples. High aluminum glasses have been found in varying 
degrees in soil samples from all of the lunar sites (Reid 
^ » 1972a; Reid ^ al . , 1972b; Glass, 1973) » hut are 

most abundant in samples from the highland sites v.^here . 
they make up''^73;o of the glasses analysed (Table 12). 

The most useful subdivision of the lev; aluminum glasses 
appears to be based on FeO content. Those with FeO contents 
> 1^ have compositions similar to mare basalts while those 
with FeO contents < have KREEP-like compositions. The 
glasses with FeO contents > l4,t have a wide range in com- 
position but all are generally similar in composition to 
mare basalts. Such glasses are abundant in mare soil sam- 
ples but make up <10^ of the highland Apollo 16 glasses. 
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The composition and a'bundance distrilDution is thus consis- 
tent with a mare origin for these glasses. 

The low FeO glasses have lower FeO contents 

than mare basalts. They can he divided into two groups 
based on their contents. Those with K20>0,5% re- 
semble KREEP material as defined by Meyer ^ (1971) « 

Glasses with KREBP-like compositions, but lower KgO con- 
tents (<0.5?S) are also present at most sites. Material 
with KREBP composition has been found at all Apollo and Luna 
sites and has been variously called norite, gray mottled 
fragments, non-mare basalts and Fra Mauro basalt or high 
alumina basalt (Reid et , I972af Reid, 197^) . Reid et al . 
(1973 £l) point out that low K, KREBP-like glasses are common 
in highland soils. Thus, these glasses are probably also 
derived from the highlands. KREBP material, on the other 
hand, has been shown by orbital gamma-ray experiments to 
be concentrated in the region of Mare Imbrium and Oceanus 
Procellarum (Trombka ^ » 1973) ■ This is puzzling be- 

cause the similarity in composition between the low-K 
aiid high-K (KREBP) non-mare basaltic glasses suggests that 
they are closely related. 

A fourth major group of glasses can be distinguished 
based on SiO^ content. Glasses with SiO^ contents >60fo 
are rare, but ubiquitous. They have been found in small 
quantities at nearly all of the sampling sites. Most of 
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thGse high silica glasses have SiOg contents of close to 
76 ^ and, are very similar compositionally to the glassy 
mesostasis found in many of the mare "basalts (Table I3) . 
G0B5PARIS0U BETWEEN SOIL COMPOSITION Al'ID AYERAGE GLASS COM- 
POSITION. 

The average composition of the glasses from each 
station is similar to the bulk composition of the soil at 
that station (Table 10) . However, some systematic vari- 
ations between average glass composition and bulk soil com- 
pos.ition do occur. The glasses from mare soils generally 
have higher CaO and lower TiOg and FeO contents 

than the soils from which they were separated. Lilcev/ise, 
the glasses from highland samples generally have .lov?er 
AlgO^ and CaO and higher TiO^ and FeO contents than the 
associated soils. The difference in composition suggests 
that the glass component in the mare soils is enriched in 
highland material in comparison to the bulk soil and that 
the glass component in the highland soils is enriched in 
mare material in comparison to the bulk soil. 

COMPARISOli BETWEEN LUNAR GLASS SPHERULES AiiD MIORCTEKTITES . 

Microtektites are microscopic (<1 mm dia.) glass spher- 
ules (found in deep-sea sediments) that have been related 
by geographical occurrence, age, petrography and chemistry 
to three of tlie four known tektite strevmf ields (Glass, 19<^9! 
Glass, 1972 c; Glass ^ , 1973)- Although the origin of 
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tektites (and therefor© microtektites) is not agreed upon 
"by all investigators, most believe that they are the result 
of meteorite impact on the earth. 

fhe largest microtektite found to date has a diameter 
of^l mm. Similarly lunar glass spherules larger thaii 1 mm 
in diameter are rare. [Phe size distribution of lunar glass 
spherules betv/een 125-1000 pm is similar to that of the mioro 
tektites} hov/ever, the lunar glass spherules appear to in- 
crease in number with decreasing size at a greater rate than 
do the microtektites (‘fable Ik ) . 

fhe shape distribution of the lunar glass spherules 
is similar to that of the microtektites (fable 15) . 

Both consist of 80-95/^ spheroidal forms with a minor amount 
of lens, oval, cylinder, dumbbell and teardrop forms. 

However, surface features on the lunar glass spherules are 
quite distinct from those observed on microtektites. This 
difference is probably due to the difference in environment 
of occurrence of the two glasses. 

Although only a few lunar glass spherules have been 
directly dated most were probably formed over 3 t>,y. ago. 

The known microtektites, on the other hand, v;ere all formed 
less than 36 m.y. ago. 

Lunar glass 1 spherules v;ith silica contents greater than 
6ofo s.re extremely rare. Microtektites (and tektites), on 



the other hand, have SiOg contents >60?$. An exception to 
this is the bottle-green microtektites found in association 
v;ith the normal microtelctites in all tliree strevmf ields . 

!Phe bottle-green miorotektites have SiOg contents ranging 
down to and MgO contents as high as 2?^. The lunar 
spherules that have SiOg contents within the range of the 
bottle-green miorotektites have much lovfcr MgO contents and/or 
too high leO and too lovv AlgO^ contents to be similar to 
the bottle-green miorotektites , 

Of the A50 lunar glass spherules analysed, only one had 
a SiOg content > 60 ^, It v/as a transparent yellow-brown glass 
spherule v;ith a diameter of /^lOO It contained no vesicles 

or inclusions and would be difficult, except for the sur- 
face sculpturing, to distinguish from a microtektite. The 
major element composition is, likev/ise, similar to micro- 
tektites except for a somev^hat lower IvlgO content (Table 16) . 

Although fevr, if any, studies have been directed toward 
determining the FeO/FegO^ ratio and water content of the 
glass spherules themselves, much has been done on lunar 
material in general and it is reasonable to expect that the 
lunar glasses probably have high FeC/FegO^ ratios and lov; 
water contents. This is true also for tektites (and micro- 
tektites) and serves to distinguish tektites from terrestrial 
igneous glasses. Otherwise, however, most of the lunar 
glasses (particularly the spherules) are chemically distinct 



from Icnovm tektites and microtelctites . 

The similarity in appearance "between the lunar glass 
spherules and microtelctites is probably a result of both 
having been produced by the same process (i.e, impact). 

Conclusions 

Most of the conclusions reached in this study are 
supported by data presented by other investigators and 
many of the conclusions are similar ‘to ones proposed by 
other investigators. The major conclusions are as followsi 

1) The average grain size of a soil decreases and the 
glass (particularly agglutinate), content increases with 
age or maturity of the soil, 

2) G-lass particles found in the lunar fines have multiple 
origins. Many (particularljr the black opaque ones) v/ere 
formed by meteorite impact; others, like the Apollo 1? orange 
glasses (and. the Apollo 15 green glasses), are probably of 
volcanic origin. However, the origin of many of the trans- 
parent glass spherules without crystalline inclusions is 

not possible to determine, and therefore the relative' abun- 
dance of impact -generated versus volcanically-produced glasses 
is not- knov;n, 

3) Most of the surface features (pits, metallic beads, 
splashed silicate glass, etc,) on the glass spherules are 
the result of meteorite impact. 



Impact pits v/ith radial fracture zones are the re- 
suit of relatively low-energy impacts, vrhereas those v/ith 
spallation zones are the result of relatively high-energy 
impacts. 

5) i?he majority of the glass particles in a given soil 
sample have compositions similar to the rocks and soils 
collected at that site (exceptions are samples 15301 anti 
7^220 that contain a high percentage of volcanically- 
produced glasses) . 

6) The average composition of the glasses from a given 
soil sample is similar to the bulk composition of the soil, 

I 

but differs in such a manner as to indicate that most of 
the highland-derived material in a mare soil are glass and 
vice versa for a highland soil. 

7) There is some evidence for a minor amount of vapor 
fractionation. 

8) Lunar glass compositions tend to fall into clusters 
or groups that represent various "rock types" found on the 
lunar surface. The following are the major compositional 
groups and their equivalent "rock types" : 

a) ^^2^7/ ^ (Anorthosite and gabbroic aiiorthosite) 

b) 22^ -^^2^3 (Anorthositic gabbro) 

c ) AlgO^ < 22?S , FeO <14?^ , K^O >0.5^ (KRSEP) 

, d) AlgO^ <22>i, Fe0<l4/S, K^0<0,5fo (low-K, KREEP-like 
basalt) 



e) 11^ <Alg02 < 22^S, FeO>l4^ (Kare "basalt) 

f) A1^0« <11^1 I^eO >18>5 (e.g. Apollo 15 green glasses 

_y 

and Apollo 1? orange soil glasses ) (Ultrabasic) 

g) Si0g>60^ ("Granitic”). 

The high (>22J^) AlpO^ glasses are more abundant in 
liighlaiid samples and probably represent highland ma^terial. 

The high (>14^) FeO glasses with Al^O^ contents betv/een 11 
and 22?^ generally have compositions similar to mare basalts 
and are derived from a mare source area. Most of the high- 
silica glasses (particularly those with SiO^ contents close 
to 765^) are similar petrographically and compos it ionally 
to the glassy mesostasis in mare basalts and may therefore 
also have avmare origin. 'Che source of the lov/ Al^O^ (<22^) 
and low FeO {iSkfo) IffiEEP (ICjpG>0.5?0 and KREEP-lilce 
glasses is more difficult to determine. Abundance of 
KREEP glasses in soil samples and orbital gamma-ray ex- 
periments indicate that KREEP material is concentrated 
around Mare Imbrium and Oceanus Procellarum. Hovrever, low-K, 
KREEP-like material appesors to be more common in highland 


areas . 
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TABLE 1 

Samples Investigated 


Sample No. 

Description 

Weight (gm) 

Location 

10084,138 

1 mm fines 

0.492 

Next to lunar module 

12001,59 

II 

0.539 

Northwest of lunar module 

12057,54 

II 

0.513 

Mixture of fines from several 
locations of Apollo 12 site 

12070,129 

It 

0.424 

10 m southwest of lunar module 

14148,44 

It 

0.508 

Station G, surface of trench 

14149,55 

II 

0.277 

Station G, bottom of trench 

14156,41 

II 

0.495 

Station G, middle oi trench 

14163,49 

II 

0.487 

Bulk sample from EVA-1, .lear LM 

14230,75 

II 

0.105 

Sta G, second single core tube 

14230,82 

II 

0.111 

Sta G, second single core tube 

14259,20 

II 

4.875 

Comprehensive sample 

15041,85 

II 

0.251 

Sta 8, top of Soil Mechanics 
Trench 

15101,128 

II 

0.248 

Station 2, Apennine Front 

15301,117 

II 

0.246 

Station 7, Spur Crater 

63501,23 

tl 

0.252 

Sta 13, 0,5 km southeast of rim 
crest of North Ray Crater 

64501,3 

tl 

0.254 

Sta 4, highest on Stone Mountain 

68501,29 

II 

0.248 

Sta 8, ray of South Ray Crater 

74220,89 

tl 

0.261 

Sta 4, South rim of Shorty Crater 

74241,47 

11 

0.260 

Sta 4, South rim of Shorty Crater 

78421,25 

If 

0.229 

Sta 8, base of Sculptured Hills 

Luna 16-A40 

glass bead 

0.002 

Mare Fecunditatis 

Luna 20 SAO 518, 

polished 


Highlands just north of 

520,522^5294530 

sections 


Mare Fecunditatis 



. TABLE 2 


Size Analyses (Weight PsD^qent) 


Size 




Size 



Fraction 



Fraction 



( u ) 

12057 

12070 


( }^m ) 

10084 

12001 

580 

2.2 

6.5 

505-1000 

4.12 

4.0 

147-580 

23.0 

19.2 

.295-505 

5.32 

4.7 

74-147 

22.6 

25.2 

149-295 

10.62 

11.3 

44-74 

25.6 

8.8 


74-149 

1543 

14.5 

<44 

26.6 

40.3 


44-74 

<44 

j64.8p 

44.8 

Size 

Fraction 





14230, 

1423Q 

{ ) 

14148 

14149 

14156 

14163 

75 

82 

505-1000' 

2.8 

6.8 

5.3 

5.3 

jlO.5 

[l6.8 

295-505 

4.2 

6.7 

5.2 

4.6 

149-295 

11.1* 

11.9 

10.7 

9.4 

8,8 

X0.5 

74-149 

13.6 

11.7 

13.9 

11,6 

|33.0 

|3Q.4 

44-74 

29.8 

19.8 

20.2 

24.1 

<44 

38.5 

43.1 

44.7 

45.0 

47.7 

42.3 

Size 

Fraction 







( ju>^ ) 

15041 

15101 

15301 

63501 

645Q1 

68501 

505-1000 

' 2.5 

2.9 

2.6 

7.9 

6.7 

8,1 

295-505 

3.2 

3.3 

4.2 

7.6 

5.7 

8.2 

149-295 

10.0 

10.1 

11.2 

13.9 

12.0 

13.1 

74-149 

13.4 

14.4 

14.7 

14,5 

13,2 

14.7 

44-74 
< 44 

22.8 

48.0 

24.2 

45.0 

23.0 

44.4 

19.6 

36.5 

(62.4 

19,5 

37.1 

Size 

Fraction 


• 





( 5 

74220 

74241 

78421 




505-1000 

2.6 

6.8 

2.8 




295-505 

1.2 

6.0 

3.6 




149-295 

7.9 

11.8 

10.0 




74-149 

13.1 

14.1 

14.6 




44-74 

<44 

J75.3 

|61.3 

|69.1 





* Part of this size fraction 3,ost .d^jc^-hg sipv^i>gf 



TABLE 3 


Modal Analyses 
10084,133 

Size Fraction 505-»1000 295-505 149-295 74-149 



(56.) 

iiithic Grains 

White + 

1.8 

Coarse 

J 26.8 

Fine 

Micrbbreccia 

8.9 

Mineral Grains 

Feldspar 

0.0 

Pyroxene 

0,0 

Olivine , 

0.0 

Other 

0.0 

G1 as sy Agglutinates 

35.7 

Glass Particles 
Fragments 

Opaque ■ 

23.2 

Transparent 

1 1-8 

Bottle-gr-een 

-Other 


Kopy Forms / 

1.8 

'Spherules 

* 

Opaque 

0.0 

Transparent 

0 .0 

Other 

0.0' 


( 317 ) 

( 1471 ) 

( 1202 ) 

0..6 

1.0 

0.4 

| 38.9 

28.7 

| 27.0 

28.7 

13.7 

5.7 

0.3 

0.8 

| a.i 

0.3 

1.3 

0.0 

0.0 

| o .6 

| 2.6 

26.8 

46.4 

32.2 


13.2 

6.5 

10 . 4 

0.3 

|l.3 

[ 0.7 

0.6 

0.4 

0.0 

0.7 

0.6 

0.3 

0.2 

0.3 

0.0 

. 0 .0 

0 

. 

0 


12001,59 


505-1000 

295-505 

149-295 

74-149 

(56) 

(266) 

(1000) 

(1005) 

0.0 

1.5 

1.9 

2.3 

14.3 

8.9 

16.2 

4.1 

14.2 

8.5 

[ 16.7 

16.1 

12.4 

6.9 

4.3 

0.0 

2.2 

3.1 

3. 3 

1.8 

3,0 

15.0 

20.2 

0.0 

0.0 

0.0 

0.0 

0.7 

0.8 

(0.3 

28.5 

■ 27.1 

26.7 

30 . 2 


21.4 

30,1 

20.0 

21.0 

3.6 

0.4 

0.8 

Q -.2 

0.0 

0.0 

0,8 

0.7 

3.6 

1 .^ 

0,2 

0.0 

[ i.a 

<1.1 

( 0.4 

[0.8 

0.0 

0.0 

0 

. 

0 

p 

. 

0 



TABLE 3 


Modal Analysis (cont.) 


Sia e . Fraction 

505-1000 

14148 

295-505 

,44 

149-295 


(48) 

(264) 

(1004) 

Lithic Grains 
Wtiite + 

0 .0 ■ 

2.6 

2.6 

Coarse 

8 * 4 • 

J 29.2 

|32.7 

Fine 

10.3 

Microbreocia 

8.4 

'6.1 

0.6 

Mineral Grains 
Feldspar 

. { 

2.6 

1.6 

Pyroxene 

^ A 9 

0.0 

0.8 

Olivine 


0.0 

0 . j 

Other 

c 

,0.0 

0.9 

Glassy Agglutinates 

50.0 

37.5 

34.4 

Glass Particles 
Fragments 
Opaque 

10.4 

13.9 

20.9 

anspar ent 
Bo ttl e- green 

2.1 

0.4 

0.2 

Other 

0.0 

1.1 

2.1 

Ropy Forms / 

4.2 

0 .8 

1.2 

Spherules 

Opaque 

0.0 

0.8 

^1 7 

Transparent 

0 .0 

0.0 

^1.7 

Other 

2.1 

0.0 

0.2 




14149 

.55 


74-149 

505-1000 

295-505 

149-295 

74-149 

(1009) 

(53) 

(194) 

(1007) 

(1004) 

2.8 

0,0 

1.5 

4.7 

4.0 

|31.7' 

49. -1 
7.5 

33.5 

18.6 

26,8 

18.1 

|34.0 

0.0 

24.5 

9.3 

2.7 

3.6 

5,2 

0.0 

1.0 

4.0 

10.6 

2.3 

0.7 

|l.9 

|c.5 

|4.6 

( 

(5.1 

1.5 

0.0 

0.0 

0.0 

{ 

31.0 

11.3 

21.1 

22.2 

20.6 


24, 

.3 

5.7 

9.8 

15.6 

19.4 

0 , 

.2 

0.0 

0.0 

0.0 

0.0 

2. 

.0 

0.0 

1.5 

0,6 

■ 1.3 

0. 

.1 

0.0 

2.1 

0.3 

0.0 

|l. 

.0 

0.0 

0.0 

1.0 

0.0 

|o.5 

|l.4 

0. 

.0 

0.0 

0.0 

0.0 

0.0 


TABLE 3 


Modal Analysis (cont.) 




14156 

,41 



14163 

,49 


Size: Pr ac tion 

505-1000 

295-505 

149-295 

74-149 

505-1000 

295-505 

149-295 

74-149 


( 65 ) 

( 293 ) 

( 1000 ) 

( 1000 ) 

( 54 ) 

( 242 ) 

( 1000 ) 

( 1097 ) 

Lithic Grains 









White + 

3.1 

2.0 

2.6 

2.2 

J 42.6 

[40 . 5 

( 

3.4 

Coarse 

■[ 43.1 

| 36.5 

| 30.8 

| 30,2 

( 45.7 

( 

| 29.0 

Pine 

Microbreccia 

9.2 

7.5 

2.7 

0.0 

1.8 

2.5 


0.0 

Mineral ’Grains 

■ 








Peldspar 

( 

0.7 • 

2.7 

3.9 

( 

1.6 

3.4 

9.8 

Pyroxene 

^0 0 

0.7 

3.0 

3.4 

| i . a 

0.8 

2.1 

3.7 

Olivine 

^ U • w 

1.0 

0.9 

0.7 


0.0 - 

0.4 

1.6 

Other 

( 

0.0 

0.6 

0.5 

( 

0.0 

■ 1.3 

2.6 

Glassy Agglutinates 

29.2 

37.2 

38.9 

34.6 

13.0 

32.2 

25.8 

12.9 

Glass particles 









Pragments 




21.6 





Opaque 

13.9 

9.6 

14.8 

33.3 

9.9 

12.7 

24.5 

Transparent 

Bottle-green 

0.0 

0.7 

0.0 

0.1 

3.7 

0.8 

0.3 

0.0 

Other 

0.0 

0.7 

1.8 

1.2 

0.0 

6.6 

6.6 

10.6 

Ropy Po rifts / 
Spherules 

0.0 

1.7 

0 .4 

| o .8 

0.2 

|l.2 

0.0 

4.1 

0.8 

0,0 

0.7 

|l.0 

0.2 

Sl.l 

■% 

Opaque 

Transparent 

1.5 

0.0 

1.7 

o-.o 

3.7 

0.0 

Other 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

. 0.4 



TABLE 3 


Modal Analyses (cont.) 



14230 

rlS 

14230 

,82 ' 


15041,85 


size fraction 

295-1000 

149-295 

295-1000 

149-295 

505-1000 

295-505 

149-295 


• ( 84 ) 

( 1014 ) 

(82) 

( 1000 ) 

( 21 ) 

( 96 ) 

, ( 843 ) 

Lithic Grains 








White + 

0.0 

1.4 

4.9 

4.3 

0.0 

1.0 

1.1 

Coarse 

Fine 

[ 29,8 

| 31.6 

j 45.1 

j 33.9 

| 9.5 

[ 5,2 

| a .9 

Microbreccia 

32.1 

15.1 

15.9 

13.1 

57.1 

27.1 

12.8 

Mineral Grains 








Feldspar 

0.0 

5.2 

0.0 

5.2 

0-0 

3.1 

3.3 

Pyroxene 

0.0 

^2 2 

0.0 

(-3 ri 

0.0 

j 3.1 

jio.i 

Olivine 

0.0 


0.0 


0.0 

Other 

0.0 

0.2 

0.0 

1.0 

0.0 

Glassy Agglutinates 

26.2 

19.3 

24.4 

20.5 

19.0 

39.6 

49.7 

Glass Particles 








Fragments 








Opaque 

8.3 

17.6 

8.5 

14.3 

9,5 

19.8 

10 .8 

Transparent 

Bottle-green 

1 . 2 

0.2 

0.0 

0.7 

0.0 

0.0 

0,0 

Other 

0 .0 

2.9 

0.0 

3.2 

0.0 

1.0 

1,9 

Ropy Forms / 
Spherules 

0.0 

1-9 
fl 4 

1.2 

0.0 . 
| o .5 

0-0 

0.0 

0.0 

Opaque 

1.2 

0-0 

4,8 

0.0 

0.6 

Transparent 

1.2 


0.0 


0.0 

0.0 

0.9 


Other 


0.0 


0.0 0.0 


0.0 


0.0 


0.0 



TABLE 3 


Modal Analysis (cont.) 




14148 

r44 



14149 

,55 


Size Fraction 

505-1000 

295-505 

149-295 

74-149 

505-1000 

295-505 

149-295 

74-149 


(48) 

(264) 

(1004) 

(1009) 

(53) 

(194) 

(1007) 

(1004) 

L ithic Grains 









White + 

0.0 

2.6 

2.6 

2.8 

0,0 

1.5 

,4.7 

4,0 

Coarse 

Fine 

8.4 

10-3 

|29.2 

|32.7 

J31.7 

49.1 

7.5 

33.5 

18.6 

26.8 

18.1 

(34.0 

Microbreccia 

8.4 

6.1 

0.6 

O.Q 

24.5 

9.3 

2.7 

3.-6 

Mineral Grains 









Feldspar 

( 

2.6 

1.6 

5.2 

0.0 

1.0 

4.0 

10.6 

Pyroxene 


0.0 

0.8 

2.3 

^1 9 

jo. 5 

^4 6 

( 

Olivine 


0.0 

0 .1 

0.7 


^*3: m u 

(5.1 

Other 

( 

0.0 

0.9 

1,5 

0.0 

0.0 

0.0 

( 

Glassy Agglutinates 

50.0 

37.5 

34.4 

31.0 

11.3 

21.1 

22.2 

20.6 

Glass Particles 









Fragments 









Opaque 

10.4 

18. S 

20.9 

24,3 

5.7 

9.8 

15.6 

19,4 

Transparent 
Bottle-green ' 

2.1 

0.4 

0.2 

0.2 

0.0 

0.0 

0,0 

0,0 

Other 

0.0 

1.1 

2.1 

2.0 

0.0 

1.5 

0.6 

1.3 

Ropy Forms / 
Spherules 

4.2 

0.8 

1.2 
^1 7 

0.1 

|l.O 

0.0 

2.1 

0.3 

0.0 
^1 4 

Opaque 

0.0 

0.8 

0.0 

1.0 

|o .5 

Transparent 

0.0 

0.0 



0.0 

0.0 


(U.4 

Other 

2.1 

0.0 

0.2 

0.0 

0.0 

0.0 

0.0 

0.0 



TABLE 3 

Modal Analyses (cont.) 




63501/23 


■ 64501,3 . 


68501,29 


Size Fraction 

505-1000 

295-505 

149-295 

505-1000 

295-505 

505-1000 

295-505 

149-295 


C56) 

(224) 

(1132) 

(40) 

(177) 

(58) 

(228) 

(818) 

Lithic Grains 







White + 

7.1 

7.6 

7.8 

5.0 

11.3 

5.2 

5.3 

3.9 

Coarse 

Fine 

41,1 

17.8 

|38.8 

|47.8 

|25.0 

j23.2 

|53.4 

[49.6 

J40.I 

Microbreccia . 

5.4 

19.2 

3.4 

22.5 

14.7 

5.2 

8.3 

6-1 

Mineral Grains 









Feldspar 

7.1 

6.7 

14.3 

20.0 

24.8 

3.4 

4.4 

8. .9 

Pyroxene 

0.0 

|o .4 

|l.3 

0.0 

( 

0.0 

0.0 

C 

Olivine 

0.0 

0.0 

(1.7 

0.0 

0.0 

(0.4 

Other 

0.0 

0.0 

( 

0.0 

0.0 

( 

Glassy Agglutinates 

12.5 

18.8 

13.3 

12,5 

13.0 

24.1 

21.5 

33.1 

Glass Particles 









Fragments 









Opaque 

5.4 

8.0 

10.6 

7.5 - 

10.2 

8.6 

10.1 

5.5 

Transparent 
Bo ttle-green 

0.0 

0,0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Other 

1.8 

0.4 

1.1 

5.0 

1.1 

0.0 

0.9 

1.2 

Ropy Forms /• 
Spherules 

0.0 

0.0 

0.0 

0.0 

0,0 

0.0 

0.0 

0.0 

Opaque 

1-8 

0.0 

0.1 

2.5 

0.0 

0.0 

0.0 

0.5 

Transparent 

0 .0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.2 

Other 

0,0 

0.0 

0.1 

0.0 

0,0 

0.0 

0.0 

0.0 


STABLE 3 


Modal Analysis (cont.) 




14148 

,44 



14149 

,55 


Size Fraotion 

50 ’ 5-1000 

295-505 

149-295 

74-149 

505-1000 

• 295-505 

149-295 

74-149 


( 48 ) 

( 2 , 64 ) 

( 1004 ) 

( 1009 ) 

( 53 ) 

( 194 ) 

( 1007 ) 

( 1004 ) 

Lithic Grains 









White + 

0.0 

2.6 

2.6 

2.8 

0.0 

1,5 

4.7 

4.0 

Coarse 

Fine 

8.4 

10.3 

^ 29. 2 

| 32.7 

[ 31.7 

49.1 

7.5 

33.5 

18.6 

26.8 

18.1 

j 34,0 

Microbreccia 

8.4 

6.1 

0.6 

0.0 

24.5 

9.3 

2.7 

3.6 

Mineral . Grains 









Feldspar 

{ 

2.6 

1.6 

5.2 

0.0 

1.0 

4.0 

10.6 

Pyroxene 

4 2 

0,0 

0.8 

2.3 

9 

jo. 5 


( 

Olivine 


0.0 

0.1 

0.7 


^ 'x « U 

( 5.1 

Other 

( 

0.0 

0.9 

1.5 

0.0 

0.0 

0.0 

( 

Glassy Agglutinates 

50.0 

37.5 

34.4 

31.0 

11.3 

21.1 

22.2 

20 . 6 

Glass Particles 









Fragments 








• - 

Opagne 

10.4 

18.9 

20.9 

24.3 

5.7 

9.8 

15.6 

19,4 

Transparent 

Bottle-green 

2,1 

0.4 

0.2 

0.2 

0.0 

0.0 

0,0 

0.0 

Other 

0.0 

1.1 

2.1 

2.0 

0.0 

1.5 

0.6 

1.3 

Ropy Forms / 
Spherules 

4.2 

0.8 

1,2 

0.1 

0.0 

2.1 

0.3 

0.0 

Opaque 

0.0 

0.8 

Jl .7 

|l.O 

0.0 

1,0 

^0 5 

^1 4 

Transparent 

0.0 

0.0 



0.0 

0.0 



Other 

2.1 

0.0 

0.2 

0.0 

0.0 

0.0 

0.0 

0.0 


TABLE 3 


Modal Analyses (cont.) 

78421,25 


Size Fraction 

50S-1000 

295-505 

149-295 


(21) 

C106) 

(960) 

Lithic Grains 




White + 

14.3 

9.4 

4.5 

Coarse 

[ 4.8 

3. 8 

3.7 

Fine 

10.4 

8.4 

Microfareccia 

23.8 

16.0 

12.2 

Mineral Grains 




Feldspar 

4.8 

5.7 

7.2 

Pyroxene 

0.0 

0.9 

1.6 

Olivine 

0.0 

0.0 

0.5 

Other 

0.0 

1.9 

0.8 

Glassy Agglutinates 

47.6 

42.5 

51.6 

Glass Particles 




Fragments 




Opaque 

4.8 

8.5 

8.8 

Transparent 

Bottle-green 

0.0 

0.0 

0.0 

Other 

0.0 

0.9 

0.5 

Fopy Forms / 
Spherules 

0.0 

0.0 

0.0 

Opaque 

0.0 

0.0 

0.9 

Transparent 

0.0 

0.0 

0.3 

Other 

0.0 

0.0 

0.0 


+ Opaque white highly fractured grains. 

/ Kopy to platy or rounded glass particles coated with rock flour 
( ) Numher of grains 


IDABLE 4 

G-lass Spherule Ahundanoe in Various Size Fractions 


Spherules per gm of sample 


Sample No, 

505-IOOO* 

295-505^ 

149-295* 

74-149^^ 

I008i|',138 

0 

38 

325 

3265 

12001,59 

46 

119 

196 

1710 

l4liJ'8,4J4' 

0 

94 

496 

4544 

141^9,55 

0 

108 

365 

3262 

lM56,i{'l 

38 

192 

379 

4513 

1^163,49 

77 

89 

417 

4296 

1^230,75 

' 182 

& 

645 


iif230,82 

0 

0 

427 


150ifl,85 

156 

0 

476 

3631 

15101,128 

0 

488 

1355 

3762 

15301,117 

0 

2020 

7420 

58,127 

63501,23 

50 

0 

199 

2356 

64501,3 

59. 

0 

262 


68501,29 

0 

0 

^ 525 

2636 

7if220,S9 

0 

567 

16,100 

91,000 

7^241,^7 

0 

256 

1876 

16,920 

78^21,25 

, ,0 

0 

393 

6250 

ave. 

27 

248 

1874 

14,73^ 


*Size fraction (microns) 



TABLE 5 

Shape Distribution of Glass Spherules (Percent Abundance) 


Sample No, 

sphere 

Oval 

Teardrop 

Dumbbell 

Fragments 

other 

Total 

1008^,138 

62 

9 

2 


13 

4 

90 

12001,59 

54 

8 

2 

1 

9 

7 

81 

12057,5^ 

227 

20 

6 

5 

37 

11 

306 

12070,129 

306 

25 

6 

1 

38 

9 

385 


87 

19 

1 

2- 

21 

6 

136 

1^1^9,55 

89 

10 


1 

16 

7 

123 

14158,^1 

85 

21 

7 

1 

25 

6 

145 

1^163,^9 

172 

27 

14 

3 

48 

14 

278 

1^230,75 

6 



1 

4 


11 

lii-230,82 

5 

2 



3 


10 

14259,20 








15041,85 

112 

11 

2 

1 

8 

3 

137 

I510I, 128 

100 

2 



10 

,7 

119 

15301,117 

324 

16 

4 

2 

'21 

47 

4l4 

63501, 23 

71 

3 

3 


16 

1 

94 

64501,3 

9 




2 


11 

68501, 29 

82 

8 

3 

1 

19 

1 

114 

7422d,89 

329 

74 

8 

1 

93 

25 

539 

74241,47 

57 

5 


2 

9 

11 

84 

78421,25 

6 

3 



1 



9 

Total 

2182 

263 

58 

22 

392 

159 

3076 

fo 

70.9 

8.6 

1.9 

0.7 

12.7 

5.2 

100.0 



TABLE 6 

Size DisisriLution of Spherical -Shaped Glass Spherules {Percent Ahundance) 


Sample No.’ 

12057 

12070 

14163 

Class limits 

Cm } 

(175) 

(238) 

(199) 

5o0“iooo 

0 

0,4 

1.5 

354-499 

0 , 6 

3*0 

1.0 

250-533 

2.9 

3.7 

4.0 

177-2^9 

7.^ 

13.^ 

8.0 

125-176 

26.2 

21.0 

29.1 

88-l2^f 

62.9 

58.5 

56.3 



15101 

15041 

63501 


(107) 

(124) 

(75) 

500-1000 

0 

0.8 

0 

354-499 

3.2 

0.0 

0 

250-353 

6.4 

0.8 

0 

177-249 

14.1 

12.1 

0 

125-176 

21.4 

27.4 

24 

88-124 

43.6 

58.9 

76 


14148 

14156 

14149 

12001 

15301 

ill?) 

(9?) 

(101) 

(62) 

C368) 

0.4 

1.2 

0 

0.9 

0.1 

0.0 

1.2 

2.0 

1.8 

0.6 

1*5 

2.0 

4,0 

2.7 

3.1 

11^7 

7.4 

6.9 

20.7 

8,5 

21.6 

19.3 

28.7 

26.1 

33.4 

64.8 

68.3 

58.4 

47.7 

54,2 


68501 

(88) 

74220 

(418) 

74241 

(69) 

10084 

(66) 

(Ave , ) 

0 

0.0 

0 

0 

0.4 

0 

0.3 

0,8 

0,4 

1.0 

1,1 

3.0 

2.8 

1.9 

2.7 

10,2 

16.9 

6.3 

12.1 

10.4 

30.7 

38.7 

26.1 

30.0 

26.9 

58.0 

41.0 

64.0 

55.6 

57.9 


{ ) Total number 


TABLE 7 

Percent Abundance of Glass Spherules according to Color 


Sample No. 

Colorless 

Green 

Yellow 

Brown 

Red 

lOQBk, 138 


7.9 

1 - 0.5 

34.2 

47.4 

12001,59 



12.2 

82.9 

4.9 

12057,5^ 

4.0 

11.3 

11.3 

70.2 

3.2 

12070,129 

3.9 

9.7 

9.7 

73.5 

3.2 

14 - 148,44 

3.1 

22.7 

24.7 

49.5 


14149,55 

1.2 

12.3 

27.2 

55.6 

3.7 

14156,41 

1.9 

16.8 

30.8 

44.9 

5.6 

14163,49 

2,8 

14.7 

28.8 

49.7 

3.9 

14230,75 


37.5 


62.5 


14230,82 


25.0 

25.0 

50.0 


15041,85 

0.9 

19.1 

30.0 

44. 5 

5.5 

15101,12a 

3.7 

58. 3 ± 

11.1 

23.1 

3.7 

15301,117 


90.6+ 

2.5 

3.9 

2.9 

63501,23 

8.7 

14.5 

46.4 

28.9 

1,4 

64501,3 


22.2 

44.4 

33.3 


68501,29 

7.5 

26.9 

4 o .9 

21.5 

3.2 

74220 , 89 

0 

0 

0.3 

0 

99.7 

74241,47 

3.7 

11.1 

1.9 

3.7 

79.6 

78421,25 

0 

0 

20,0 

60.0 

20.0 

Ave, 

2.1 

29.9 

14,8 

30.7 

22.4 


+Mostly deep emerald green , 


TABLE 8 


Composition of Metallic and Sulfide Spherules in Glass Fragments from Apollo 12 

Sample No. 120^7 

WEIGHT PER CENT 

Size of 


Sample 

Inclusion 

■ (Electron Microprohe Analysis) 


Wi/Fe 

• No. 

(pm) 

Fe 

Ni 

P 

s 

Totals 

201 

8 X 10 

87 

1.5 

1.6 

0,2 

90.3 

0,017 

212 S 

9 

81 

■ 3 

2,^ 

0.2 

86 , 6 

0.035 

2l2 I 

10 X 2^ 

90 

2,5 

0.3 

0.1 

92.9 

0.028 

20? 

12 

51 

11,5 

0,1 

25 

87.6 

0.25 

21? 

32 

89 

6.5 

1.6 

0.0 

97.1 

0.073 

200 

10 X 32 

55 

3 

0.0 

30 

88.0 

0.055 

165 

8 X 10 

79 

6,5 

2,1 


88,0 

0,082 

160 

6 X 10 

12 

32.0 

0.15 

2.4 

46 . 6 

2.6? 

l6i^ 

8x9 

80 

8 

2.6 

0.0 

90.6 

0,10 

*The low totals are due to 
rounding silicate glass. 

the fact 

that the 

electron beam overlapped onto 

the sur 



TABLE 9 

Majcr Element Composition, Refractive Index and Description of Glass Particles 


samplf color 

NO, SI 02 Tins Ft'n MRO CAP MA 20 k20 CR203 TOTAL R,I, TYPE 

APOLLO n 


22 

37.0 

8 , 4 

5,3 

23,7 

0,24 

14,5 

8,1 

0.53 0 

.17 

97,94 

0 

S 

123 

39,2 

6,8 

13.9 

15,3 

0.17 

8,4 

13.7 

0.11 0 

,06 

97,64 

DRO 

S 

\?.ii 

40,6 

7.5 

11,4 

16,1 

0.16 

7.1 . 

13.2 

0,27 0 

. 1 6 

96,49 

PRO 

S 

125 

40.3 

4,4 

13.4 

17.1 

0,17 

0,9 

13,1 

0.1? 0 

,06 

97,55 

VPR 

S 

126 

43,0 

0,48 

8,4 

20,9 

0,21 

14.8 

9,8 

0,26 0 

,06 

97,91 

VGR 

8 

12R 

47,7 

0.5 

24.7 

5.5 

0,06 

5.1 

15.9 

0,75 0 

.1^ 

100,31 

GRGY 

S 

«72 

43.7 

6,9b 

13,34 

15.75 

.1*7 

8,99 

11,00 

,502 

,206 

100,661 

0 

F 

«73 

44.5 

5,42 

‘9. 12 

20.69 

.25 

7,30 

9,92 

.275 

.310 

97,753 

0 

F 

a70 

42,2 

6,50 

12,81 

14.14 

.15 

9.71 

12.3 

.^5 

.26 

98,57 

0 

F 

a75 

42.3 

6,1 1 

11,55 

15,03 

.20 

8,96 

11.09 

.502 

,161 

95,866 

0 

F 

a.76 

42,1 

6,74 

13,85 

14,58 

.JR 

6,04 

1 1 ,61 

.284 

.120 

97.495 

0 

F 

a77 

41 ,8 

6,97 

11.97 

15.18 

.21 

7,94 

11.27 

,484 

. 188 

95,978 

0 

F 

«78 

42,3 

10,23 

10,30 

19, n? 

.24 

7.19 

10,74 

.462 

,515 

101,023 

DGY 

F 

a?9 

44,3 

4,47 

18.03 

14,71 

.14 

9,45 

n.74 

.452 

,126 

103,558 

OGY 

F 

aeo 

50,2 

.07 

34,48 

.33 

.04 

.14 

16,68 

2,036 

.087 

103.975 

GRGY 

F 

48| 

51,8 

2.19 

15.64 

11.37 

.14 

7,7? 

10,25 

.347 

.317 

99,752 

Y3R 

<r 

482 

42,0 

6,8? 

15,36 

1 .3 . 7 1 

.10 

7,76 

12,4 

.126 

,063 

98,569 

n 

s 

483 

40,9 

7.78 

12.64 

16,76 

.18 

8,60 

11,71 

,096 

,120 

98,935 

0 

s 

484 

39,0 

9,72 

5,61 

23,40 

.22 

13,83 

7,46 

.310 

.105 

99,626 

0 

s 

485 

41 ,9 

5,96 

10,66 

20,31 

.21 

9.51 

10,58 

,00.3 

,079 

99,201 

0 

8 

466 

46,0 

3.57 

14,34 

11,70 

.17 

13,49 

9,97 

,331 

,082 

99,640 

ORBR 

S 

487 

37.6 

7,54 

16.02. 

13.83 

.10 

8,82 

13,93 

,000 

,068 

99,002 

RO 

S 

488 

42,7 

5.30 

14,34 

13.72 

.14 

9,03 

12.03 

,306 

,162 

97,38 

0 

S 

489 

42,2 

8,14 

10.85 

17,29 

.21 

8,05 

11,02 

,440 

,255 

98,484 

RP6R 

S 

'•90 

45,7 

4,52 

18,36 

1 1,74 


8,34 

13.18 

?58 

, 006 

ino , 369 

PR 

S 

_ 1 

48,1 

.36 

25,56 

5.87 

,08 

7.42 

14,31 

’.150 

,024 

mi ,084 

PGR 

8 

492 

44,8 

3.53 

14,41 

14.55 

.19 

9,94 

10,95 

,299 

.120 

98,798 

PL 

S 

493 

44,4 

3.58 

14.69 

12.70 

.17 

13,31 

10.69 

,?9? 

,054 

09,067 

YPR 

S 

494 

42,6 

4 ,04 

20,45 

10, 55 

.11 

7.47 

14,14 

. 1 05 

,059 

99,332 

RORR 

8 

495 

42,1 

4.03 

14.75 

16,11 

.16 

8,52 

12,25 

,037 

, 068 

98,818 

PRO 

8 

49b 

35.9 

8,41 

16,36 

15,10 

.22 

9,61 

14,17 

,019 

, «j68 

99,798 

0 

8 

497 

41,2 

5.73 

13.05 

14,58 

.17 

8,71 

12,15 

,400 

,188 

96,176 

0 

S 

498 

39,9 

7.9H 

1 3,?4 

16,29 

.20 

8,80 

12,33 

,096 

,074 

98,962 

0 

8 

499 

46,7 

.34 

19.90 

'7.13 


14,07 

11,27 

,329 

,078 

1 01 ,965 

YGR 

S 

500 

35,9 

8.71 

15.91 

16,25 

.21 

9,18 

13,91 

,178 

,109 

100.337 

PRO 

s 

501 

46,1 

,30 

31,45 

3,06 

.04 

4,03 

16,74 

,108 

,094 

101 ,900 

P0R 

F 

502 

50,0 

1.83 

16,85 

10,15 

.11 

7,57 

10,79 

,843 

.759 

98,891 

Y8R 

F 

503 

45.2 

.02 

36.23 

.IP 

.01 

.16 

19,67 

.462 

.055 

101.925 

C 

F 

504 

42,3 

7,95 

12,27 

15,77 

.19 

7,68 

11,96 

.45P 

.334 

98,903 

RO0R 

F 

505 

42.3 

6,75 

13,32 

14,05 

.17 

6,87 

10,03 

,5ou 

.141 

96.971 

ROBR 

F 

506 

46,1 

1.27 

17,12 

1 1,75 

.12 

9,42 

1. 1 , 9 1 

,126 

.056 

97,834 

GR 

F 

507 

46 , 

.05 

35,22 

.11 

.01 

.10 

18.86 

,583 

,092 

101,472 

PRR 

F 

506 

46,5 

.55 

25,07 

6,41 

,09 

7,00 

14,95 

.381 

,085 

100,794 

GRGY 

F 

509 

42,0 

7,91 

10,25 

17., 20 

.22 

8,14 

10,86 

.371 

,163 

97,17) 

0 

F 

510 

42,7 

7.73 

10,31 

10.6? 

.25 

9,65 

10,55 

.501 

.148 

100,419 

0 

F 

514 

46,7 

,38 

27,60 

4,19 

.04 

4,44 

15,7? 

,663 

,075 

99,808 

PGRY 

F 

515 

46,8 

.15 

30.40 

2.63 

.04 

4,09 

16,56 

.573 

,050 

101 ,293 

C 

F 

516 

40,9 

,01 

34,42 

.12 

,00 

.07 

16,92 

1,949 

,050 

102, 4j9 

C 

F 

517 

47,0 

.03 

34.35 

„76 

.05 

,50 

18,89 

.518 

.029 

102.107 

C 

F 

518 

46,1 

,44 

25.38 

5.82 

.07 

0,02 

14.81 

,188 

,0.39 

100,867 

PGR 

F 

0 

45,5 

.37 

25,03 

5,77 

.oi 

7.37 

14,40 

,212 

,055 

98,797 

GRY 

F 

-.21 

46,6 

.52 

27.17 

5,34 

.07 

5,16 

15,24 

,5 00 

.103 

100,703 

1,595 PGR 

F 

522 

46,7 

,45 

25,29 

5,02 

,06 

8,01 

14,35 

.210 

,037 

101,047 

1,596 PGR 

F 

523 

47,2 

.40 

24.23 

5,5? 

,08 

8,60 

14,16 

.250 

.031 

mo, 471 

1,595 PGR 

F 




06,7 

,53 

23,03 

6,06 

,07 

8,99 

13,64 

,129 

.055 


100,004 

1.597 

PGR 

F 

525 

06,5 

.35 

20,50 

6.05 

.07 

8,02 

14,64 

,1S3 

,040 


100^293 

i;595 

PGR 

F 

526 

06,1 

,36 

25,07 

5,76 

,07 

7,50 

14.70 

,164 

.043 


100,167 

1,597 

PGR 

F 


03,9 

.33 

20.90 

5,30 

.05 

7,21 

14,29 

,150 

.092 


96,222 

1,594 

PGR 

F 

i8 

06,9 

,oo 

25,32 

5.75 

• 0 6 

7,30 

14, 

.220 

,062 


100,572 

1.595 

PGR 

F 

529 

06, S 

.35 

25,23 

5.85 

.07 

6.04 

14,72 

,140 

,056 


100,956 

1.595 

PGR 

F 

530 

00,9 

.37 

25, 55' 

5,72 

,07 

7,68 

14,81 

,133 

,025 


99,258 

1,594 

PGR 

F 

532 

06,9 

.26 

29,30 

3,97 

.00 

0,23 

16,37 

,063 

.041 


101,574 


GRGY 

F 

536 

01,0 

9,12 

U.15 

16,88 

,19 

0.13 

11.02 

,113 

,070 


97,673 


DRD 

S 

539 

39,0 

7,57 

10,65 

15,39 

,16 

8,50 

12,95 

.057 

,023 


98,700 


0 

s 

500 

37,6 

10,06 

5.61 

22,67 

.25 

13,61 

7.72 

,306 

,081 


98,207 


ORD 

s 

501 

37,3 

a, 98 

5,01 

22,06 

,26 

13,41 

7,33 

,S 80 

,153 


95,610 


0 

s 

502 

05,5 

3,66 

18,01 

9,70 

.12 

0,22 

12,52 

,764 

,124 


98,642 


0 

5 

503 

00,2 

0,00 

10,52 

20,03 

.26 

6,65 

10,54 

,167 

,065 


98,072 


ORD 

3 

540 

02,0 

6,27 

16.09 

12.99 

,1^ 

8,40 

12.69 

,071 

,050 


99,301 


RD 

S 

505 

36,0 

3,63 

18,60 

10,00 

,11 

9,95 

12,16 

,000 

.058 


95,156 


BR 

S 

566 

00,8 

1,16 

25,63 

5.66 

,06 

7.86 

14,04 

,067 

,039 


96,070 


C 

5 

507 

05,5 

3.51 

10,10 

11,86 

,17 

12,95 

10,23 

,875 

,135 


99,370 


BR 

S 

506 

07,1 

,63 

20,95 

5.01 

,05 

8,05 

14,04 

.139 

,066 


100,435 


GRY 

3 

509 

38,6 

9.83 

5,46 

23,01 

,20 

13,52 

7,78 

,171 

.,121 


99,132 


0 

0 

550 

02,8 

5.69 

) 5,09 

13,55 

.17 

7,78 

12,57 

,507 

,152 


90,309 


0 

S 

551 

02,0 

7.39 

13*22 

15.13 

.23 

6.70 


,052 

,174 


98,513 


RG 

5 

552 

01 .0 

5,00 

18,70 

12,16 

.10 

8,30 

13,58 

,050 

.007 


99,377 


DRD 

3 

555 

37,6 

9,85 

5,65 

23,00 

,30 

13,57 

7,89 

,178 

,207 


96,629 


DRD 

5 

556 

37.2 

9,61 

5,26 

22,65 

.27 

14,02 

7.51 

.246 

,200 


96,904 


0 

S 

557 

37,8 

8,10 

16,35. 

10,60 

.15 

9.12 

13,98 

,000 

.070 


100,187 


DRO 

5 

556 

09,0 

,30 

21,79 

5,80 

,08 

7,22 

IS, 69 

2.317 

,146 


100,130 


Y 

3 

559 

38,2 

9,50 

5,55 

23,11 

.23 

14,18 

7,58 

,366 

, 166 


98^947 


0 

S 

560 

02,1 

5,75 

15,90 

13.63 

,16 

8.83 

12.47 

,053 

.123 


99,052 


RDBR 

5 

1 

38,2 

9,86 

5,67 

23,52 

,25 

14,51 

7,86 

.256 

.105 


100,090 


DRO 

S 

562 

38,0 

9.65 

5,05 

23,00 

.20 

14,06 

7.62 

.160 

,164 


98,932 


DRD 

s 

563 

38.0 

6,91 

16,23 

13,35 

.17 

9,00 

10.72 

, 00 n 

,130 


100,485 


ORD 

s 

560 

37,3 

8,02 

16,52 

.10,09 

.16 

9,05 

}0,22 

,061 

,139 


100,358 


0 

8 

565 

03,0 

0,68 

12,67 

10,00 

.15 

10,07 

11,01 

,015 

,173 


96,562 


BR 

6 

566 

00,6 

5,92 

13.86 

10,9? 

,22 

6,15 

12,51 

,352 

, 265 


96,773 


D 

S 

567 

06,8 

3,05 

15,18 

11,23 

,17 

13,17 

11,49 

,4 06 

,297 


101,765 


0 

a 

569 

39,2 

9.78 

5,80 

23,59 

,30 

10 oa 

7,70 

.235 

,220 


100,820 


0 

s 

570 

05,6 

.62 

10,25 

10,09 

.19 

11,58 

10,68 

,386 

,245 


98,287 


DBR 

a 

571 

37,3 

9,63 

5,57 

23,61 

.2^ 

14,18 

7,54 

.367 

.186 


98,581 


DRD 

3 

572 

39,5 

10,50 

7.77 

10,71 

,22 

11,69 

12,26 

2,387 

,308 


99,409 


0 

8 
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2 

07,0 

0,96 

27,0 

0,00 

0,06 

6,55 

16.6 

0,60 

0.10 


103,91 

1,586 

GRY 

f, 

150 

00,9 

0,22 

23.1 

0,90 

0,06 

1 1 , i 

14,9 

0.15 

0,04 

0,3 

99,67 

1,595 

BGR 

F 

155 

00,9 

0.32 

2^.3 

5,85 

0,09 

6,69 

16,4 

0,15 

0,03 

0,2 

100,93 

1,595 

RGR 

F 

156 

00,2 

0.31 

20,0 

5,70 

0,07 

7,50 

17,0 

0,23 

0.04 

0,25 

99,70 

1,595 

BGR 

F 

157 

00,6 

0,29 

20,6 

5,05 

0,07 

6,24 

16,3 

0.10 

0,03 

0,25 

100,39 

1,595 

BGR 

F 

158 

00,5 

0.36 

25.7 

0,73 

0,24 

8,08 

17,1 

0.31 

0,05 

0,2 

101,27 

1,595 

8GR 

F 

159 

00.1 

0,21 

28,9 

3.09 

0,05 

3,67 

18.5 

0,22 

0,05 

0,1 

99,29 

1,595 

Y 

F 

160 

07,6 

1,95 

10,0 

13,3 

0,10 

9.50 

11.2 

0,07 

0.32 

0.5 

99,36 

1,616 

BR 

F 

161 

05,5 

2,00 

10,0 

10,9 

0,15 

9,02 

12,3 

0,50 

0,24 

0.6 

99,61 

1,629 

GRGY 

F 

163 

08,8 

1 ,9K 

10.6 

15,0 

0,10 

9,76 

11,1 

0.52 

0,39 

0,5 

100,79 

1,613 

Y 

F 

160 

51,5 

1,01 

15,9 

10,2 

0,11 

5.86 

U.8 

0,94 

0,84 

0,3 

98.66 

1,588 

GR 

F 

165 

52.0 

1,02 

16.1 

10,5 

0.12 

5,66 

U.7 

0.99 

0,84 

0.3 

99^65 

1,509 

GR 

F 

166 

07,8 

2,32 

'15,5 

13,2 

0,10 

6,47 

11.6 

0.80 

0,49 

0,6 

100,96 


RDBR 

F 

rl 

08,1 

2,13 

10,7 

12,2 

0,14 

9.41 

11,3 

0 , 67 

0,42 

0,45 

99,52 

1 '600 

Y 

F 


00,3 

2,51 

15.0 

12.0 

0,14 

8,04 

10,9 

1.00 

0,67 

0,4 

99,00 

1,611 

BR 

F 

169 

05.3 

0,50 

11,0 

20,0 

0,20 

6.69 

11,9 

0.62 

0,20 

0.4 

100,89 

1 , 66S 

RDBR 

F 

170 

06,2 

2,05 

13,9 

10,2 

0,16 

9,08 

11,0 

0,65 

0,35 

0,65 

99,04 

1,625 

GRGY 

F 


Il 


171 

97,9 

3,00 

12.0 

16,1 

0,18 

8.83 

10,6 

0,60 

0,34 

0,6 

100,15 

1,620 

B9 

F 

‘172 

99,6 

1.51 
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10,5 

0*20 

0,17 

98,36 


YGR 

S 

356 

40,8 

0,35 

27,5 

3,21 

0,05 

5,70 

15,3 

0.59 

0*12 

101,62 


YGR 

s 

350 

44*a 

3.38 

10,4 

17.9 

0*19 

9,74 

9,49 

0,32 

0*25 

96, «7 


YGR 

s 

359 

45,0 

3,71 

12*1 

17,5 

0,19 

10*2 

10,7 

0*24 

0,23 

99,87 


YBR 

s 

360 

45,1 

2.97 

15,1 

16,5 

0,18 

10,0 

U.O 

0,13 

0,24 

99*22 


Y 

s 

361 

47,1 

2,39 

16*3 

13,1 

0,15 

8,44 

11,7 

0*19 

0,21 

99*58 


Y 

s 

362 

47,5 

3,03 

1«,0 

13*9 

0*14 

8,47 

10*4 

0,24 

0,26 

97,94 


YBR 

s 

363 

45,1 

2,92 

1«*7 

15*0 

0,16 

9,91 

U,3 

0.17 

0,24 

99,50 


BR 

s 

365 

42,9 

2*92 

14*3 

15,4 

0,18 

10,7 

U*3 

0,12 

0*20 

98,02 


RR 

s 

366 

43,2 

3.03 

15.0 

16,0 

0,17 

U.O 

1U6 

0,14 

0,20 

100,34 


BR 

s 

367 

42.4 

2,65 

14.0 

15,8 

0,16 

11*2 

10,9 

0,12 

0,20 

97,43 


BR 

s 

360 

38,8 

3*49 

4.12 

29,6 

0,23 

12,8 

6,36 

0,22 

0,24 

96,06 


RDBR 

s 

369 

36.2 

3,16 

15,3 

15,4 

0,18 

11,0 

12.3 

0*07 

0,10 

96,61 


RDBR 

s 

370 

41,7 

4,09 

12,2 

18. 1 

0,19 

11,1 

10,6 

0,13 

0,18 

98,29 


RDBR 

5 

371 

44,3 

3,39 

12,3 

17.0 

0.19 

10*0 

10,6 

0,19 

0,21 

98,18 


8R 

s 

372 

47,1 

1*87 

17,0 , 

15,7 

0*14 

6*79 

11,9 

0.51 

0*33 

103,34 


0 

s 

373 

45,8 

3,40 

9.27 

20,1 

0.21 

13,1 

8,45 

0.36 

0,35 

101,04 


0 

s 

375 

45,0 

2*90 

18,1 

13*8 

0*15 

0*04 

12.3 

0,55 

0,26 

101,00 


0 

s 

. M 
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50,8 

2,02 

16.4 

10,2 

0,12 

9,46 

9,97 

1,52 

1.08 

101,37 

1,598 

RRY 

F 

379 

49,0 

2.28 

17.2 

9,61 

0,1? 

8,02 

10,5 

1*35 

0,96 

99,04 

1.601 

YPR 

F 

300 

45,2 

0.40 

24*8 

5,90 

0,08 

8*86 

15.0 

0,21 

0,09 

100,62 

1,588 

LBGR 

F 

30i 

50,7 

3,03 

15,1 

U.o 

0,13 

6*96 

10,5 

1,16 

0,70 

99,28 

1,603 

1,596 

DRD 

F 

382 

45,3 

0,39 

25,1 

5,90 

0,07 

9,65 

14.0 

0,20 

0,09 

101,50 

PGR 

F 

303 

46,9 

1,00 

24,2 

6*97 

0,08 

7*23 

14,3 

0,31 

0,22 

101.21 

1.595 

YGR 

F 

384 

53,6 

1,95 

15.6 

9,42 

0,10 

6,66 

9,98 

1,33 

1,66 

100,20 

1*580 

YGR 

F 

385 

49,9 

2,01 

16,9 

9,44 

0*10 

7*71 

10,3 

1.55 

1,18 

99,09 

1,590 

LY 

F 

386 

45,6 

0,36 

26.9 

4,93 

0,06 

8,62 

15,4 

0,25 

0,07 

102,37 


GY 

S 

389 

45,2 

0,39 

26,1 

5,95 

0*07 

6.62 

15,3 

0.16 

0,09 

101*88 


UBGR 

F 

390 

45,5 

0,39 

24.6 

6,24 

0,08 

8,54 

14,7 

0,29 

O.U 

10 0,45 


LBGR 

F 

391 

47,7 

2*03 

15.9 

10,0 

0.11 

10*7 

10,3 

0*94 

0,76 

99,24 


dygr 

F 

392 

51,2 

2,14 

13.6 

11,0 

0.12 

9,41 

8,17 

0*90 

0,95 ■ 

98,37 


DYGR 

F 

393 

48,1 

4.60 

14,9 

12,4 

0,13 

7*94 

1 0 * n 

1,00 

0,96 

10 0*12 


DBR 

F 

395 

44,7 

0.38 

24.2 

6.37 

0*08 

8*73 

14,9 

0,33 

0,10 

99,79 


GY 

F 

396 

45,0 

0,53 

24.3 

6.58 

0,07 

9,00 

14,7 

0*36 

0,15 

101,19 


GY 

F 

397 

45*1 

3,05 

15,7 

12.0 

0.12 

10,5 

9,93 

0*94 

0,61 

97*95 


DOY 

F 

402 

48,9 

1,9 5 

17,4 

9*97 

o*n 

7,90 

10*9 

1*21 

0,04 

99,24 


YBR 

F 

408 

47,7 

1,96 

19,8 

10,7 

.11 

9*52 

11,5 

,79 

.51 

102*59 


DY 

F 

410 

45,1 

0,93 

27,9 

4,90 

0*07 

4,94 

16*3 

0,13 

0,11 

100,38 


YGR 

F 

411 

51,2 

1*54 

17,2 

10,1 

0,11 

5 * 6 1 

10*9 

1,34 

1,06 

99,06 


YGR 

F 

412 

46,5 

0,07 

29,9 

0,62 

0*02 

0*19 

18,2 

2*14 

0.13 

97,77 


OGY 

F 

417 

49,5 

3,13 

15,0 

11,4 

0*11 

0,84 

9,64 

1,20 

l.ifi 

100,00 


RDBR 

F 

419 

49,2 

2,80 

14,4 

11,0 

0,13 

8*42 

9,?7 

1,42 

1,43 

96,07 . 


RD 

F 

420 

45,5 

0,33 

25.4 

6,09 

0,08 

8,34 

14*0 

0,22 

0,00 

100,84 


Y 

F 


47,5 

1,20 

21,5 

7*91 

0,00 

4,70 

12*7 

1.33 

0*51 

97*59 


DGY 

F 

"v2 3 

49,2 

1,93 

17,9 

9,50 

Q,U 

6,90 

10,9 

1,54 

1,01 

99,15 


Y 

F 

424 

51,8 

1.91 

15,7 

10,2 

0*11 

6*50 

9*63 

1,00 

1.06 

97,99 


dgyo 

F 

425 

40,0 

1,87 

20,0 

7,13 

0,09 

6*35 

12*1 

U73 

0,65 

97,92 


DGY 

F 



«27 

44,7 

0.24 

30.4 

3,63 

0,06 

3.36 

17,6 

0.29 

0,12 

100,40 

1,580 

IB6R 

F 

'aaa 

54,2 

?,20 

1^.8 

10,9 

0,15 

5,64 

10,9 

0.39 

0,43 

100,39 

1,587 

OY 

F 


47,8 

E.83 

13,5 

14,7 

0,17 

9,08 

10,5 

0, 66 

0,37 

99,61 

1,624 

Y8R 

F 

“^0 

45,5 

3,66 

9,93 

20,7 

0,21 

9,58 

9,25 

0,38 

0,43 

99,84 

1.657 

Y8R 

F 


46,2 

0,47 

26,2 

5,35 

0,07 

6,54 

I'^.S 

0,46 

0,22 

101,01 

1,589 

GY 

F 


49,7 

0,99 

20,0 

8.24 

0,09 

7.60 

12,3 

0,52 

0,43 

99,87 

1^590 

GRY 

F 

435 

52,5 

1,49 

17,5 

9.85 

0,12 

5,08 

11.2 

0.97 

0,70 

99,41 

1,583 

1;604 

DY 

F 

436 

48,2 

1.76 

15,8 

10,5 

0.12 

11,3 

9,96 

11.2 

1.19 

0,80 

99,63 

9e;98 

DY 

F 

437 

50,2 

2.25 

17.9 

10.1 

0,12 

4,36 

1,74 

1,11 

1,589 

YBR 

F 

436 

46,9 

0,84 

10.2 

18,1 

0p22 

14,0 

9,82 

0,41 

0,30 

100,79 

1,633 

YGR 

F 

441 

50,8 

1.24 

19.5 

1,31 

0,07 

14,4 

11,8 

1,69 

0,29 

101,10 


BL 

S 

44S 

45,1 

1.S7 

12.4 

18.7 

0.18 

14,0 

10,3 

0,12 

0.23 

100,60 


Y 

5 

445 

46,5 

0,77 

10.1 

18.2 

0,21 

17,5 

9,68 

0 , 36 

0,25 

103,55 


Y 

S 

446 

4b, 7 

2,70 

12,2 ' 

18.6 

0,21 

7,54 

10,6 

0,81 

0,41 

99,77 


DRD 

F 

4-47 

46,4 

2,98 

10,4 

20,0 

0,21 

9,62 

9,94 

0,51 

0,38 

100,44 


RDBR 

F 

448 

55,6 

0,94 

15.7 

9,27 

0,10 

4,45 

8,85 

1,23 

2,65 

98,99 


GY 

F 

449 

49,1 

1.44 

17.2 

9,96 

0,10 

10,3 

10,2 

0,66 

0,54 

99,50 


DY 

F 

450 

44,5 

0,36 

25,5 

5,40 

0.06 

9,n 

15,1 

0,11 

0,11 

100,25 


L8GR 

F 

451 

44,8 

0,42 

24,7 

6,20 

0,0 a 

8,50 

15.1 

0,35 

0,10 

100,25 


LOR 

F 

452 

47,2 

1,42 

19,3 

8,27 

0.13 

10,7 

12.1 

0,37 

0,50 

99,99 


OGY 

F 

453 

46,6 

1,85 

18,5 

9,53 

0,12 

8,22 

11.8 

1,12 

0,74 

98,66 


LY 

F 

454 

47,7 

2,06 

18, 

10.5 

0,11 

6.19 

11,3 

1,47 

0,89 

98,62 


Y 

F 

456 

46,5 

1,99 

17,2 

11.1 

0,13 

10,4 

11,2 

0,70 

0,51 

99,73 


GR6Y 

F 

457 

49,7 

1.70 

13,9 

12,7 

0,16 

9.50 

9,03 

1,44 

1,08 

99,21 ■ 


GRGY 

F 

459 

49,5 

2,16 

19,0 

6,49 

0,12 

9,56 

10,4 

1,33 

0,46 

99,06 


DGY 

F 

470 

49,0 

2,02 

17,7 . 

9,79 

0,11 

7,67 

10.8 

1,30 

0,86 

99,45 


DY 

F 

471 

55,0 

2,87 

12.'/ 

13,6 

0,16 

3,76 

9,81 

1,02 

0,65 

99,75 

1.596 

YBR 

S 

472 

41,3 

0.27 

31 ,5 

0,74 

0,03 

8,51 

18.5 

0,10 

0,47 

101,02 


C 

5 

473 

46,7 

0.73 

10,2 

18, 1 

0,21 

14,2 

9,38 

0,50 

0,28 

100,50 

1,635 

OYGR 

S 

' 4 

50,5 

2,91 

14,1 

12,3 

0.13 

6,98 

9.41 

1.56 

1,32 

99,21 

1,597 

YBR 

5 

476 

39,5 

6,25 

9,29 

25.5 

0,24 

9,ai 

9,37 

1 ,00 

0,35 

iOl ,31 

1.712 

ORD 

S 

477 

47,7 

2.20 

17,4 

n.5 

0,13 

8,27 

11,1 

0,80 

0,57 

99,67 


0 

5 

479 

49,2 

1,25 

20.0 

4,55 

0,07 

Ut9 

U,7 

2,12 

0,46 

101 ,25 


0 

S 

481 

43,5 

3,53 

7,80 

22.0 

0,24 

14,4 

7,94 

0,76 

0.27 

100,44 


BL 

s 

482 

45,4 

1.44 

19.0 

10. 2 

0,12 

12.3 

11,8 

0,20 

0,15 

1 0.0 , 6 1 


Bl 

s 

487 

47,5 

1,81 

17.8 

10.3 

■0,11 

9,48 

10,8 

0.97 

0,53 

99,30 


BRGR 

F 

488 

46,7 

1.73 

19,0 

10,0 

0,11 

9.57 

U,3 

1,42 

0,95 

102,78 


DGY 

F 

489 

45,9 

0,40 

25.4 

6.02 

0,08 

9,08 

14,9 

0,23 

0,08 

102,09 


BGR 

F 

490 

46,8 

2.17 

14,5 

12,7 

0,15 

8,94 

11,0 

0,92 

0,69 

97,87 


YBR 

F 

491 

44,8 

0,34 

24, 1 

6,29 

0,00 

8,51 

15,0 

0.28 

0.16 

99,56 


L6Y 

F 

493 

45,7 

0,31 

25.2 

5,87 

0.07 

8,97 

14.5 

0,21 

0,13 

100,96 


V 

S 

494 

44,9 

0,50 

25,4 

6,0 1 

0,07 

8,52 

14,3 

0,20 

0,18 

99,96 


BGRO 

F 

495 

48,0 

1.98 

15.5 

12,0 

0,12 

11,2 

9,27 

1,21 

0,73 

100,01 


YGR 

F 

496 

55,0 

1.80 

15,8 

11,0 

0.1? 

5,76 

8,71 

1 ,69 

1,96 

97,86 


BR 

F 

499 

48,5 

2,25 

15,7 

11,8 

0,13 

7,65 

10,5 

1.25 

0,92 

96,68 


DBR 

F 

500 

49,0 

1,96 

17.1 

10.3 

0,10 

7,45 

10,5 

1,34 

1 ,no 

98,79 


VRR 

F 

501 

51,9 

1.71 

17,2 

9,62 

0,12 

5,61 

10,6 

0,70 

0,45 

97,91 


DY 

S 

502 

46,3 

0,67 

9,36 

18,4 

0,20 

16,2 

9.15 

0,43 

0,19 

100,89 


YGR 

s 

503 

46,4 

0,65 

9,90 

18,0 

0,19 

14,9 

9,60 

0,38 

0,24 

100.26 


YGR 

s 

504 

42,6 

0,15 

2-5,6 

1,17 

0,02 

14,3 

15.2 

0,01 

0,09 

100,34 


C 

5 

505 

42,5 

0,19 

26,5 

0.80 

0,03 

13,0 

15,8 

0,03 

0,07 

98,91 


C 

S 

506 

42,3 

4.35 

9,01 

2-5,3 

0,24 

11,4 

9,55 

0,51 

0.26 

100,92 


DRD 

s 

507 

45,3 

1.90 

19,4 

10,7 

0,12 

10,0 

12,5 

0,12 

0,21 

100,25 


RO 

s 

508 

45,1 

1,74 

16,4 

13.3 

0.13 

12,4 

10.5 

0,17 

0.23 

99,97 


BR 

s 

r '1? 

4 4,4 

1,99 

18.5 

10, fl 

0,13 

10,4 

12,1 

0,13 

0.20 

98,65 


PR 

s 

>l"0 

51.0 

0,29 

24,1 

4,42 

0,08 

7 , 37 

14.3 

0,50 

P, 1 2 

102,18 


WH 

s 

512 

44,8 

0,38 

24.7 

6,33 

0,07 

8.21 

14,9 

0,27 

0.14 

99,8 0 


LGY 

F 

513 

40,1 

2,32 

26,8 

0,83 

0,02 

13,8 

16,2 

0,02 

0.10 

100,19 


C 

F 


51« 

45,8 

0,63 

9,51 

18,1 

0.19 

15,4 

9.27 

0,30 

0,24 

99,55 

YGY 

F 

'515 

49,2 

1,77 

18,2 

8,80 

0,10 

5.81 

U.? 

1,70 

1,26 

98,06 

DGYO 

F 

5U 

45,8 

4,97 

11,2 

18,6 

0,19 

7,74 

9,97 

0,46 

0,44 

99,37 

DRD 

F 

^\7 

48,4 

2,64 

13,5 

15,0 

0,15 

9j02 

10,1 

0.76 

0,51 

99,93 

OR 

F 

fB 

44,9 

0,31 

25,1 

5,94 

0,07 

8,60 

15,0 

0.13 

0,13 

100,18 

86R 

F 

■519 

49,0 

1,96 

15.5 

10,6 

0,11 

9,23 

10,3 

1.15 

0 ,94 

98,81 

DY 

F 

530 

51,5 

1,49 

17,3 

8,63 

0,10 

7,15 

10.6 

1,13 

1,10 

99,00 

GRY 

F 

523 

40,2 

3.10 

13,7 

18,3 

0,19 

12,4 

10.9 

0,11 

0.20 

99,10 

ORD 

S 

52« 

44,1 

3,33 

13,9 

17,1 

0,19 

6,18 

li,3 

0,14 

0.23 

98,41 

DBR 

S 

525 

48,4 

1,66 

15,9 

11.1 

0,13 

11,0 

10,2 

0,47 

0,40 

99,26 

DY 

s 

526 

46,8 

0,70 

9.73 

18,3 

0,20 

14,9 

9.62 

0,34 

0,25 

100,84 

YGR 

8 

527 

40,6 

0,25 

52.6 

1,56 

0,03 

6,20 

18,8 

0,16 

0,13 

100,33 

C 

5 

528 

44,7 

1,03 

7,11 

23,5 

0,24 

16,4 

8,21 

0,42 

0,26 

101,87 

YGR 

S 

529 

43,3 

1,21 

6,57 

22,9 

0,22 

15,7 

8,00 

0,28 

0,24 

96,42 

YGR 

S 

530 

49,2 

1,97 

17,0 

9.95 

0,12 

6,7-3 

10,0 

1,44 

0,96 

98,17 

BR 

8 

532 

46,5 

0,77 

9,56 

19,4 

0,19 

15,0 

8,71 

0,40 

0,29 

100,82 

UGY 

5 

537 

48,0 

2,73 

16,3 

U.3 

0,12 

9,22 

10,2 

1,04 

0,79 

99,70 

DBR 

S 

538 

«8,2 

0,06 

34,8 

0,10 

0,02 

0,09 

13,6 

1,14 

0,14 

101,15 

C 

F 

539 

45,5 

0.32 

24. ‘0 

5,59 

0,07 

^,49 

14,2 

0,20 

0,15 

98,52 

LGR 

F 

5iU 

45,7 

0.31 

25,0 

6.12 

0,08 

8,19 

14.7 

0,42 

0,00 

100,59 

GY 

F 

5i}2 

48,9 

1,79 

18,6 

8,64 

0,10 

a,42 

10,9 

1,30 

0,75 

99,40 

YBR 

F 


47,9 

1,79 

16,5 

n,i 

0,12 

10,5 

10,5 

0.65 

0,65 

99,89 

GR 

F 

Sl\b 

41,5 

1,99 

20,6 

10,3 

0.11 

U,6 

13,1 

0.16 

0,18 

99,54 

YBR 

S 

547 

46,8 

0,70 

9,87 

17,7 

0,20 

15,1 

9,49 

0,39 

0,27 

100,52 

YGR 

s 

548 

49,7 

2,03 

17,4 

9,71 

0,11 

6,93 

10,8 

1,59 

1,13 

99,40 

BRY 

3 

549 

47,3 

2,28 

16,1 , 

12.5 

0,13 

9,55 

10.8 
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s 

695 

43,3 

3,32 

8.51 

21,8 

o,?3 

13,1 

8,27 

0,50 

0,30 

99,33 


RDBR 

8 

696 

42,1 

3,96 

8,74 

22,7 

0.25 

U,9 

0.71 

0,52 

0,31 

99,19 


RDBR 

S 

697 

42,3 

3,52 

8,76 

22,1 

0,24 

12.4 

0.31 

0,51 

0,29- 

98,43 


ROSR 

S 

698 

44,8 

0,55 

7.22 

20.8 

0,23 

17.5 

0.08 

'^,17 

0,19 

99,54 


PGR 

S 

699 

45,5 

0,57 

7.26 

20,6 

0.22 

18,0 

8.22 

0 , 2u 

0.22 

100,79 


PGR 

s 

700 

45,1 

0,57 

7,62 

20,4 

0,22 

17.3 

8.09 

0,17 

0,?2 

99,69 


PGR 

s 

701 

46,5 

0,52 

8.22 

19,2 

0,20 

16,9 

9.28 

0,18 

0.23 

1.01,23 


YGR 

F 

702 

46.0 

1,00 

22.7 

7,17 

0,07 

8,13 

13,5 

0,55 

0,14 

99,24 


GRV 

F 

703 

48,3 

1.36 

18,0 

9,20 

0,11 

9,02 

n .1 

0,77 

0,57 

90,43 


BRY 

F 

704 

51,0 

1,47 

16,2 

10.0 

0,12 

8.79 

10,? 

0,BI 

0,72 

99,31 


y 

F 

707 

43,0 

0,49 

6,63 

22,0 

0.24 

20,5 

7,14 

0,13 

0,24 

100,37 


YGR 

F 

708 

47,3 

0,92 

18,9 

8,34 

0,10 

13,1 

11,4 

0,60 

0,42 

101,08 


BRGY 

F 

709 

47,2 

1,01 

18.7 

B,36 

0,10 

11.9 

11,2 

0,71 

0,43 

99,61 


BR6Y 

F 

Cl? 

50,4 

1,50 

17,1 

10,0 

0.13 

8,94 

10,0 

0,86 

0,57 

100,30 


YGR 

F 

50,1 

2,66 

14.4 

14, .8 

0,14 

5,65 

10,3 

0,77 

n,R2 

99,64 


PUGY 

F 

712 

44,4 

0,55 

7.29 

20,5 

0,22 

18,1 

8,27 

0,15 

0,?3 

99,71 


Y 

F 

713 

49,6 

1,43 

17,2 

9,63 

0,12 

9,16 

10,3 

0,87 

0,66 

98,97 


Y 

F 


715 

97,7 

1.72 

13,8 

15,5 

0,17 

9,26 

10,6 

0.59 

0,92 

99,76 


YBR 

F 

716 

97,6 

1,60 

13,7 

19,5 

0,16 

10,3 

10,2 

0,70 

0,96 

99^22 


GY 

F 

718 

50,6 

1.16 

13,6- 

12,1 

0,17 

n,i 

10.9 

0,59 

0,60 

100,77 


PLGY 

F 


97,2 

UOO 

18,1 

8.26 

0,09 

12,2 

11,9 

0,63 

O.^iH 

99,30 


GY 

F 

-Js 

96,7 

U35 

17.0 

12,3 

0,13 

11,9 

10,8 

0,52 

0,35 

100, .55 


GRGY 

F 

72a 

98,6 

1,13 

18,0 

9.31 

0,1.2 

U.9 

11,2 

0.77 

0,52 

101,05 


GRGY 

F 

725 

95,8 

1,80 

13,2 

17,6 

0,17 

10,2 

10,5 

(1,92 

0,31 

100.20 


GY 

F 

726 

50,3 

- 1,95 

16,8 

10,1 

0,12 

8.90 

10.2 

0,89 

0,71 

99,97 


GRGY 

F 

726 

95,0 

0,53 

6,93 

20,5 

0,21 

17,6 

7.99 

0,23 

0,20 

99.39 

1,699 

PGR 

F 

729 

99,1 

9,81 

10,6 

19,8 

0.20 

9,75 

9,71 

0,89 

0,91 

100,22 

1,650 

1,652 

br 

F 

730 

97,6 

0,55 

25.6 

5,58 

0,07 

7,38 

13,9 

0,70 

0.39 

101,92 

YGR 

F 

731 

02,9 

3,95 

8,36 

22,1 

0,29 

19,3 

8,11 

0,58 

0,31 

99,87 

1,658 

1*655 

BR 

F 

732 

96,9 

1.29 

17,5 

8,05 

0,10 

13,9 

10,6 

0,69 

0,33 

98,81 

VGR 

F 

73a 

92,8 

3,97 

8.57 

22,2 

0,23 

19,3 

8,09 

0,57 

0,26 

100.99 

1,659 

BR 

F 

7-35 

99,3 

0,57 

6,99 

20,6 

0,22 

17,7 

8,10 

0.22 

0,20 

96,90 

1,651 

PGR 

F 

736 

99,7 

0,52 

7,39 

20,9 

0,22 

17,5 

8,22 

0,19 

0,20 

99,39 


PGR 

S 

737 

99,9 

0,53 

7.28 

20,5 

0,22 

18,0 

8,07 

0,23 

0,22 , 

99,95 


PGR 

S 

738 

95,2 

0,55 

7.29 

20,2 

0,21 

17,8 

8.20 

0,22 

0,2! 

99.83 


PGR 

s 

739 

99,9 

0,56 

7.66 

20,6 

0,21 

17,6 

8.20 

0,21 

0,17 

100,31 


PGR 

s 

7ao 

95,8 

0,53 

7,90 

20,5 

0,23 

17.5 

8,13 

0,21 

0.19 

100,99 


PGR 

s 

7«t 

36.7 

13.1 

8,97 

20.9 

0,21 

10,5 

6,90 

0,78 

0,38 

99,99 


BL 

s 

742 

92,3 

3.60 

8,92 

21,9 

0,29 

13,1 

8.93 

0 ,66 

0,29 

96,90 


DRO 

s 

793 

91,6 

9,69 

9,97 

21,7 

0,21 

10.9 

9,01 

0,69 

0,39 

98,51 


ORO 

s 

749 

93,2 

1,99 

19,6 

15.9 

0,18 

12,2 

U.5 

0,11 

0,22 

99,85 


06R 

s 

797 

92,5 

1,57 

20,1 

10,2 

0,12 

12,2 

12,6 

0,03 

0,15 

99,97 


0RGR 

5 

79B 

97,3 

0,80 

17.3 . 

8.36 

o,.u 


U.O 

1,03 

0,23 

99,03 


YGR 

8 

799 

92,9 

3.67 

8,59 

22,8 

0,23 

12,3 

8,90 

0,56 

0.31 

100,26 


ROBR 

S 

750 

93,2 

3,58 

8,06 

22.6 

0,22 

13,3 

8,15 

0,60 

0,29 

100,02 


BL 

S 


99,6 

1.51 

16,3 

10,0 

0,12 

8,90 

10,5 

0,97 

0,69 

98,09 


GRRR 

F 

9 

755 

96,1 

1,21 

20,7 

8,37 

0,10 

10,3 

12,0 

0,80 

0,96 

102,09 


GR 

F 

96,3 

1,85 

18.1 

10,9 

0,13 

10,3 

It, 2 

0,55 

0,39 

99.67 


GRGY 

F 

756 

97,2 

1,59 

19,9 

13.3 

0,17 

10,9 

11,6 

0,89 

0,29 

100,79 


GY 

F 

758 

99,9 

1.53 

16,8 

11,0 

0,12 

9,31 

10,9 

1,11 

0,65 

100.82 


GRRR 

F 

759 

96,7 

1.21 

16,9 

12,8 

0,19 

11,9 

11,0 

0,65 

0,31 

101,11 


GRGY 

F 

761 

99,6 

0,55 

7,75 

20,7 

0,21 

17,9 

8,31 

0,19 

0,25 

100,12 


PGR 

F 

765 

92.1 

3,35 

•9,41 

22.9 

0,22 

12,6 

6,91 

0,51 

0.27 

100,27 


ROOR 

S 

7 66 

95,3 

0.57 

7,70 

19,9 

0,20 

18^9 

8.39 

0,09 

0,17 

101,22 


DGY 

5 

769 

95,1 

0,57 

7,95 

20,1 

0,22 

18,9 

8,25 

0,21 

0,22 

101,02 


OR 

3 

772 

95,6 

1,15 

16,9 

11.9 

0,16 

10,1 

10,9 

1*16 

0.39 

'37,71 


OOGY 

F 

773 

95,5 

0,56 

7,97 

20.2 

0,21 

19,3 

7j95 

a, 1 0 

0.29 

0,22 

102,50 


PGR 

5 

779 

99,9 

0,9tJ 

6.98 

20,2 

0,21 

17.9 

0.23 

0.?1 

98.72 


PGR 

S 

776 

96,9 

1,39 

I'^.l 

10,7 

0,13 

10.9 

11,5 

0,59 

0,29 

10 0.95 


BR 

S 

777 

9Q,8 

1,27 

17.1 

9,07 

O.U 

R.,88 

1 1 ,0 

0,94 

0.56 

99.13 


GRGY 

F 

782 

51,1 

2,07 

17.9 

11,0 

0.13 

9,B5 

10,9 

1,32 

0,53 

109,50 


OGV 

F 

789 

95.5 

Q ,S« 

7,7 0 

20,0 

0,22 

18.9 

6.13 

0,28 

0,21 

101,38 


PGR 

3 

785 

99,9 

0,57 

7,96 

19.9 

0,21 

18.6 

6,19 

0.27 

0,22 

'59,77 


PGR 

S 

766 

96,7 

2,23 

10, J 

18,2 

0.?2 

9,29 

9,97 

1.52 

0,38 

98.56 


ORO 

S 

787 

99,2 

1,59 

16,1 

13,0 

0,15 

U.3 

11.9 

0.17 

0,20 

96,11 


BL 

s 

788 

92,7 

3,37 

8,71 

22,2 

0,25 

13,9 

B,17 

0.96 

0,30 

9 9,59 


RDBR 

B 

789 

92,6 

1.89 

19,8 

15.7 

0,17 

11.5 

11.6 

0,11 

0,19 

98,71 


OYBR 

S 

790 

93,2 

3.85 

9,91 

22,0 

0,?1 

11.9 

9,'in 

0.56 

0.31 

100,^9 


DRO 

S 

791 

SI ,3 

1,03 

3,87 

18,8 

0,23 

18,8 

6.51 

0,19 

0,21 

100.99 


D 

3 

792 

97,1 

0,50 

8,18 

19,0 

C',22 

17,9 

8,89 

0,09 

0,19 

102,02 


ORO 

F 

793 

98,9 

0,26 

23,2 

9,52 

0,06 

10,5 

12,7 

0.28 

0,11 

100,03 


C 

S 

9 

90,8 

1,25 

19,6 

13,6 

0,10 

10.9 

12,1 

0,13 

0, IR 

98,86 


GRY 

s 

^75 

37,6 

0.53 

26,9 

8,97 

0,11 

10,6 

15,5 

0,05 

0.12 

99,38 


YGR 

s 

798 

99,8 

0,09 

35,7 

0,27 

0,06 

0,10 

19,1 

0,65 

0,29 

101,06 


C 

F 

799 

93,9 

0,39- 

21,3 

6,71 

0,06 

19,2 

12,2 

0,30 

0.13 

99,16 


C 

S 


BOO 

48,0 

0,9A 

19,3 

7,44 

0,10 

10,6 

11.5 

1.10 

0,4'i 

99,77 


UG9 

F 

•QOl 

, 3 

3,24 

14,2 

16,8 

0,19 

11,2 

10,9 

0 , 14 

0,25 

101,22 


f)BR 

S 

80? 

3i*.2 

2,20 

19,5 

14,7 

0,18 

15.4 

13,9 

0,06 

0,18 

100,40 


DBR 

s 

805 

aOfii 

1 .43 

21,7 

10,1 

0,13 

11*4 

13.9 

0,07 

0,12 

99, ?S 


DY 

s 

1)6 

U5.5 

i.io 

15,9 

12,5 

0,14 

u,s 

11,6 

0,56 

0,20 

99,00 


GY 

s 

907 

44,6 

0.55 

7,52 

20,5 

0,22 

18,8 

7,97 

0..29 

0,22 

100,87 


Y6R 

s 

608 

42,3 

2,27 

8,30 

23,6 

0,?5 

14,4 

8,57 

0 ,60 

0,28 

100,57 


BR 

s 

809 

41,4 

1,96 

13,4 

17,2 

0,20 

12,9 

11.6 


0,17 

98,89 

99;S4 


BR 

5 

810 

44,9 

0,52 

7,20 

20,0 

0,22 

18,0 

8.2 

0,28 

0,20 


PGR 

s 

8U 

44,3 

0,50 

7,22 

20,1 

0,22 

17,7 

8.13 

0,25 

0,22 

98,64 


PGR 

s 

812 

41,9 

3,48 

8,86 

21 ,2 

0,22 

13,2 

8,24 

0,74 

0,10 

97.94 

1,660 

RDBR 

F 

313 

45,1 

3,94 

9,92 

21,1 

0,21 

9,75 

9,05 

0,21 

0.36 

99,64 

1,660 

ROBR 

5 

au 

49,2 

1.48 

11,9 

22 

0,30 

7,36 

9,09 

0,73 

o.oi 

102,07 


C 

F 

815 

45,9 

0,51 

7,46 

19,7 

0,20 

18,8 

8,17 

0,16 

0,22 

101,12 

1.641 

PGR 

F 

8.16 

46,5 

0,90 

14,9 

12,3 

0.17 

11,0 

9,86 

0,99 

0,24 

97,66 

100,53 

i;608 

OBR 

F 

817 

46,7 

1,33 

15.6 

13,0 

0,16 

12,1 

10,8 

0,46 

0,36 

1*604 

GRGY 

F 

616 

45,7 

0,60 

7,72 

19,4 

0,21 

13.8 

7,74 

0,25 

0,01 

100,43 

1,640 

GR 

F 

820 

48,7 

1,88 

16,6 

10,5 

0,12 

9,09 

10,6 

0,63 

0,60 

98,72 

1,604 

1,609 

DY 

F 

821 

46,6 

0,99 

18.1 

10.9 

0,16 

10,9 

11,2 

0,69 

0,24 

99,78 

GRGY 

F 

823 

44,9 

0,57 

7,19 

20,4 

0,22 

18,4 

8.55 

0,15 

.0,24 

100,42 

1,641 

PGR 

F 

823 

45.5 

3,58 

9,78 

20,8 

0,24 

0,78 

9,60 

0,56 

0,49 

99,55 

1,658 

DRD 

F 

820 

42,8 

3.41 

0,81 

21,7 

0,24 

13,3 

8,50 

0.46 

0,30 

99,60 

1,664 

ROBR 

S 

825 

45,7 

0,52 

7,56 

19.5 

0,20 

IB. 3 

8.24 

0,17 

0,21 

100.40 

1,638 

YGR 

5 

826 

45,2 

0,51 

7,56 

20,0 

0,19 

18,4 

0,34 

0,16 

0,25 

100,61 

1 ,642 

PGR 

S 

827 

44,8 

0.53 

7,39 

20,3 

0,21 

18,1 

6,40 

0,16 

0,23 

100,12 

1,641 

LGR 

S 

826 

47,8 

0,10 

32.6 , 

0,74 

0,05 

0,08 

15,6 

3,12 

0,27 

100,36 

1 ,603 

GRY 

F 

829 

43,2 

3,44 

0,90 

21,3 

0.23 

13,9 

9,22 

0,54 

0,35 

101,08 


RDBR 

F 

830 

46,3 

0,95 

17,8 

8,60 

0,12 

10,7 

11,9 

0,52 

0.31 

97,20 


DY 

F 

831 

45,4 

0,62 

7,22 

19,6 

0,22 

18,7 

7,94 

0.18 

0,20 

100,00 


GY 

F 

’.2 

45,5 

0,54 

7.53 

21,0 

0,21 

13.5 

8.46 

0,10 

o,?i 

102,05 


ORBR 

S 

'333 

45,7 

1,87 

14.8 

15,1 

0,15 

10,9 

10.5 

0,12 

0,21 

99,15 


Y 

s 

834 

45,0 

5,69 

2,13 

30.4 

0,25 

7,83 

9,36 

0,14 

0,40 

101,20 


dbr 

s 

835 

45,7 

1,63 

14,6 

14,8 

0,15 

10,9 

10,9 

0,16 

0.30 

99,14 


LBR 

s 

836‘ 

45,8 

0,70 

8,67 

19,3 

0,19 

16,3 

8,50 

0.29 

0,18 

99,93 


c • 

s 

837 

42,6 

2,22 

U,5 

16,0 

0,19 

14.1 

9.80 

0,06 

0,23 

98,70 


YBR 

s 

836 

43,0 

1.44 

19.5 

11.2 

0,12 

11.^ 

12.7 

0,03 

0,18 

100,07 


ybr 

s 

839 

45,6 

0,54 

7,34 

1^6 

0,21 

18,2 

7,80 

0.17 

0,19 

99.65 


YGR 

s 

840 

45,1 

1,89 

14.1 

15,7 

0,17 

10,5 

11*1 

0,40 

0,34 

99,30 


OGY 

F 

841 

47,0 

0,16 

33.4 

0,46 

0,01 

0,33 

16,7 

1,64 

0,1.4 

99,84 


C 

F 

842 

47,1 

1,62 

12,1 

16.3 

0,18 

12,1 

9.90 

0.34 

0,31 

99,95 


GY 

F 

843 

49,7 

1,31 

17,4 

10,1 

0,10 

9,74 

11,0 

0,60 

0,66 

100,61 


YGY 

F 

845 

50,2 

1,51 

16.7 

9,01 

0,1? 

9.01 

10,8 

0,77 

0,69 

99,61 


GY 

F 

847 

49,0 

0,98 

20,0 

9,21 

0, 11 

7,67 

11,7 

0,60 

0,52 

99,99 


Y 

F 

848 


0,49 

25,7 

6,13 

0,07 

0.9 

14.3 

0,08 

0.14 

141,11 


PGR 

F 

849 

04,7 

0,59 

?.41 

20,2 

0,21 

18,1 

7,98 

0.15 

0,21 

99,55 


PGR 

S 

850 

48,1 

1,38 

16,7 

9,16 

0,14 

9,61 

'5,83 

1,17 

0,46 

96,55 


PR 

F 

851 

54,2 

1,45 

19.6 

7,54 

0,12 

3,34 

10,7 

1.17 

0, 37 

90,49 


YBR 

F 

052 

45,2 

3.62 

9,31 

20,6 

0,22. 

9,86 

9,10 

n,37 

0,«9 

98,97 


RD 

F 

054 

50,0 

1,52 

16,6 

9,96 

0,11 

9,33 

10,8 

0,74 

0.69 

99,75 


L6R 

F 

855 

42,5 

0,60 

3,00 

30,6 

0,31 

21,3 

2.82 

0,27 

0,00 

101,40 


YBR 

F 

856 

51,0 

1,33 

18, n 

10,3 

0,11 

9,52 

10,9 

0,69 

0,66 

102,51 


YGR 

F 

857 

46,4 

1,1B 

13,6 

14,0 

.0,18 

12,4 

8.96 

0,71 

0,20 

96,51 


OBU 

F 

858 

46,1 

1,50 

12,5 

17.0 

0,21 

11,2 

9,88 

0,59 

0,12 

99,10 


ODBR 

F 

659 

49,3 

1,33 

16,3 

10,8 

0,16 

10,7 

11,0 

i.25 

0,05 

101,69 


Y 

F 

^6 0 

46,3 

1 ,58 

15,6 

14,9 

0,15 
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25,6 

5,83 

0,07 

9,25 

14,5 

0.60 

0,01 

102,16 

PGR 

F 

i 

367 

45,3 

0.2 

25.4 

6,04 

0,07 

9,16 

14,6 

0,62 

0.05 

101 ,44 

PYGR 

F 


368 

45,8 

0.0 

34,5 

1,53 

0.06 

0.0 

18.2 

1.51 

0.05 

lot ,65 

C 

F 

1 

1 

369 

46,7 

0,2 

25 , 6 

5,96 

0 , 09 

9.48 

14,6 

0,60 

o.l 

103.24 

W 

S 

1 

370 

45,5 

0.4 

24,3 

6.53 

0,07 

9.14 

1«,2 

0.32 

n ,01 

100.47 

GRY 

F 

1 

371 

47,1 

0,5 

21,8 

8,0 6 

0, J 0 

3 0.1 

13,0 

0,48 

0,01 

101,15 

YGR 

F 

1 

372 

45,7 

0,5 

21,8 

8,82 

0,11 

9,49 

13.2 

0,71 

0,06 

100,39 

YGR 

F 


373 

45,3 

0,2. 

25.3 

5,84 

0,09 

9,27 

14,7 

0,50 

0.03 

101,23 

PY 

F 


374 

46,2 

0,3 

24,2 

7.22 

0,09 

9,87 

13,6 

0 .44 

0,01 

101,93 

GR 

F 


375 

49,6 

1,3 

3,45 

12.6 

0,19 

15.6 

16,8 

0.18 

0,09 

99,81 

DRO 

F 


376 

46,7 

0,5 

24,1 

7.10 

0,10 

7,09 

14.0 

1.11 

0,11 

100,81 

GY 

F 


377 

40,9 

10.7 

15. S 

15,7 

0,2 

7.59 

11.2 

1,43 

0,3 

103.52 

BL 

F 


378 

38,2 

9.1 

5,81 

22,6 

0,27 

15.6 

7,1 

0,70 

0,12 

99,5 

BL 

F 


379 

S'?,? 

11.6 

9,46 

17,2 

0,22 

9,20 

12.2 

0,65 

0,24 

100,47 

DRD 

r 

i 


40,6 

11,2 

7.22 

21,9 

0,26 

7,09 

10,7 

0,80 

0,18 

100,15 

ORO 

F 

I 


46,9 

0,4 

23.6 

7,12 

0,10 

9.54 

13,6 

0.33 

0,0 

101,59 

GY 

F 

f 

382 

46,3 

0.4 

2?, 3 

7.97 

0,12 

10,4 

13,3 

0,46 

0,04 

, 101,29 

GY 

F 

i 

j 

383 

45,8 

0,3 

24, 1 

7,31 

0,11 

9,29 

13.8 

1,23 

0,05 

101,99 

GY 

F 


I 

1 


38il 

45,9 

0.26 

2/J.4 

6, <36 

0, 1 1 

9,83 

14,0 

0,30 

0.04 

101,70 

6R 

F 

■385 

46,3 

0,26 

23,7 

7,36 

0,11 

9,78 

15,8 

0,28 

0,03 

101,62 

GR 

F 

3S6 

46,4 

0,3 

22,9 

7,47 

0,10 

9,69 

13,3 

0,34 

0,01 

100951 

GRV 

F 

367 

44,7 

0.17 

23,3 

5.80 

0.06 

10.9 

13,1 

0.41 

0,0 

98,44 

W 

F 

69 

39,1 

8,9 

7,43 

20,8 

0,25 

14,0 

8.2 

0,64 

0,15 

99,45 

GY 

F 

390 

46,4 

0,4 

23,8 

8,34 

0,12 

6,03 

13,9 

0,47 

0,1 

101,56 

C 

S 

391 

44,0 

0,4 

9,42 

16,0 

0.20 

15,2 

9.0 

0,38 

0,0 

96,6 

YGR 

5 

392 

37,7 

8,8 

5,96 

21.7 

0,25 

15,8 

7.2 

0,54 

0.02 

97,97 

DRD 

5 

59^1 

39,8 

11,0 

8,46 

19,6 

0.26 

7.20 

9.9 

0,79 

0.13 

97,34 

DRD 

5 

396 

37,7 

8,9 

5.74 

22,0 

0,26 

15,5 

7,2 

0,5 0 

0,1 

97.9 

DRD 

S 

397 

35,8 

14,4 

7,63 

22,9 

0.26 

11.8 

7,9 

0,91 

0,17 

101,77 

BL 

a 

396 

46,1 

0.35 

21,6 

7,79 

0,12 

12,6 

12.7 

0.37 

0.0 

101,63 

BU 

s 

409 

42,4 

5.64 

35,5 

13,5 

0.23 

10,6 

11,7 

0,39 

0,1 

100,06 

BR 

F 

410 

44,1 

0.0 

33,6 

0,57 

0,17 

0,10 

18.2 

0,93 

0.01 

97,69 

8L 

F 

4U 

42,9 

4,8 

17.5 

11.4 

0,12 

11,5 

12.3 

0,35 

0 , 06 

100,96 

DGY 

F 

412 

41,9 

4,2 

17.1 

11,8 

0,36 

11.6 

12.2 

0.27 

0,04 

99,47 

DGY 

F 

413 

44^6 

0,0 

33,7 

1.32 

0.13 

1,41 

16,8 

0,37 

0,03 

100,36 

C 

F 

414 

42,2 

2*3 

20,6 

9,81 

0,29 

10,5 

13,2 

0,05 

0,0 

98,95 

YBR 

S 

415 

39,1 

3.25 

19.9 

9,90 

0. 19 

12,8 

13.0 

0,03 

0,0 

96.17 

DBR 

S 

416 

48,7 

0,95 

19,9 

6.90 

0.12 

10,1 

12.5 

1.08 

0 ,09 

100,34 

DY 

s 

417 

38,1 

8.75 

5.74 

22,1 

0,28 

16,4 

7.4 

0,40 

0.06 

99,25 

DRD 

s 

416 

40,9 

6,9 

12.1 

16.4 

0,26 

8,71 

11,2 

0,15 

0,07 

98,69 

BR 

s 

419 

40,0 

7,7 

5.81 

24,1 

0,28 

15,9 

8,6 

0.24 

0,05 

102,68 

6U 

s 

420 

48,0 

0.0 

32,6 

0,76 

0,06 

0,37 

17,0 

2.23 

0.04 

101,06 

DRR 

a 

421 

43,4 

4.3 

16,6 

12,2 

0,24 

11,4 

11,8 

0.28 

0,07 

100,29 

DBR 

F 

422 

45,8 

0,35 

31,8 . 

2,31 

0,08 

2,73 

17,3 

1.13 

0,07 

101.57 

YGR 

F 

423 

45,0 

0,25 

25,4 

5,3! 

0.15 

- 6,84 

14,8 

0,08 

o.ni 

99,04 

GRY 

F 

424 

46,6 

0,3 

25,2 

5,51 

0,06 

9,67 

1«,2 

0,15 

0.01 

101,70 

GRY 

F 

425 

45,1 

0,6 

23,2 

6,65 

0,16 

IM 

14,2 

0.13 

0,02 

101,16 

YGR 

F 

26 

40,5 

7,3 

11,6 

15.6 

0,29 

13,1 

12,8 

0,19 

0,07 

101,45 

GRGY 

F 

427 

38,7 

1,0 

24,1 

7.71 

0,07 

11,5 

14.7 

0,05 

O.OJ 

98,22 

DGY 

F 

428 

43,9 

5.1 

15,6 

12,2 

0,28 

9,95 

11,6 

0.28 

0,06 

96,97 

DBR 

F 

429 

44,0 

5,0 

12,9 

16,1 

0,17 

9,78 

U.7 

0.38 

0,1 

100.13 

DBR 

F 

430 

39,1 

9,2 

5,92 

23,4 

0,26 

15,7 

7.7 

0,44 

0,08 

101,80 

DRD 

F 

431 

33,8 

3.9 

21,4 

11,7 

0.20 

13,8 

14,8 

0,02 

0.05 

99,67 

DBR 

S 

432 

39,9 

2,05 

20,9 

9,44 

0.16 

12,5 

13,4 

0,02 

0.0 

• 98,37 

YBR 

5 

433 

41,0 

8,75 

7,50 

21,8 

0,30 

12,0 

9,5 

0,77 

0,14 

101,76 

PY 

S 

434 

41,0 

3,0 

1^5.5 

10.6 

0,28 

LI, 6 

12.6 

0,05 

0,0 

96,63 

DBR 

a 

436 

40,0 

i.o 

20,3 

12.7 

0,34 

10,1 

14,7 

0,02 

0,06 

99,22 

GR 

s 

437 

38,3 

8,9 

5,75 

22,4 

0,30 

16,3 

7,7 

0,38 

0,09 

100,12 

DRD 

s 

438 

39,1 

9.0 

5,65 

22.0 

0,36 

15,0 

7,5 

0,50 

0,09 

99,20 

3L 

s 

439 

38,8 

0.75 

24.5 

6.84 

0,27 

11.5 

14.7 

0,01 

0,0 

97,37 

GR 

s 

440 

44,6 

0,0 

34,2 

0,48 

0,0 6 

0.24 

18,0 

1,26 

0,05 

98,69 

PY 

F 

441 

42,7 

1.26 

20,7 

7,6^ 

0.17 

16,5 

12,1 

0,04 

9,0 

100.90 

DY 

s 

442 

39,3 

8.9 

5.79 

22,4 

0.5 3 

is.o 

7,5 

0,33 

0,06 

99,61 

DRD 

s 

443 

39,8' 

9.2 

6,70 

23,9 

n . 0 i 

13,4 

7,7 . 

0,94 

0.64 

102,69 

BL 

s 

444 

46,1 

1,4 

16,2 

11,9 

0.27 

8. 88 

U . 4 

0,10 

0,0 

96,25 

DY 

s 

445 

43.5 

4,65 

11.3 

20,1 

0,29 

9,02 

1 1.3 

0,40 

0,00 

100,84 

DRD 

s 

446 

46,5 

0.2 

26,0 

6,12 

0.3 6 

7,09 

15,0 

0,27 

0.03 

101,39 

PGR 

F 

447 

48,5 

0,95 

11.7 

18,0 

0,25 

10,4 

U ,1 

0,19 

0.07 

• 101,16 

YGR 

5 

446 

41,5 

3,6 

-18,9 

11,5 

0.34 

11.3 

1-3,1 

0,04 

0 ,04 

ino.52 

BR 

5 

449 

39.4 

3.B 

13,3 

16,1 

0,14 

14,2 

11,1 

0,04 

0,05 

98,11 

BR 

a 







LUNA 16 






5B5 

41,8 

2.9 

15.7 

16,1 

0,19. 

9,5 

12,4 

0,21 

0.22 

0,27 99,29 

1,640 YBR 

5 







LUNA 20 






-« 0 6 

42,8 

0,67 

24,0 

8,37 

0, H 

10,4 

14, B 

0,06 

0.14 

101.35 

1.606 LYRR 

a 

107 

47.2 

0.37 

24.0 

5,92 

0.08 

8.22 

14,1 

n . 42 

0.12 

100,43 

i;5B2 LGR 

s 

109 

45,4 

0,44 

24,7 

6,66 

0.08 

6,53 

14,6 

0,21 

0.12 

100.94 

1,594 gR 

F 


lio 

0,32 

26.? 

6 ,6H 

0.10 

7,78 

14,9 

0 ,06 

0,0 0 

99,76 

1,572 PGR 

5 


0,55 

23.2 

5,45 

0,11 

7,98 

14,3 

0,30 

0.18 

96,57 

BR 

F 

li'i ,b 

0,42 

24,2 

6.04 

0,06 

8,67 

14,3 

0.26 

0,13 

99,90 

C 

F 

1 ^15, 7 

0,66 

23,3 

7.48 


8.74 

15,0 

0,35 

0,18 

103,41 

C 

F 

J 46,2 

0,09 

35,0 

0.06 


0,09 

19,9 

0.85 

0,13 

102,32 

C 

F 


1.99 

It, 8 

18,1 


10p3 

11,5 

0,58 

0,30 

101,97 

YBR 

F 

46,9 

0,50 

24,3 

7.03 


8,36 

14,8 

0,59 

0,20 

102,68 

Y8R 

F 

46,6 

0.63 

23,4 

7.60 


a. 47 

14,7 

0,55 

O.Hl 

102,36 

DBR 

F 

44.6 

0,19 

27. 0 

3,41 


10,6 

15,2 

0,08 

0,08 

101,16 

C 

F 

46,4 

0,2B 

28,8 

3,94 


3,25 

17.5 

0,54 

0,12 

100,63 

C 

F 

46,4 

0,60 

21,8 

8,53 


9,52 

13,7 

0,56 

0,21 

101,32 

DBR 

F 

45,6 

0,4a 

19,7 

10,2 


1 1,5 

12,0 

0,74 

0,23 

100,45 

GY 

F 

46, B 

0,72 

22,0 

9,62 

0,12 

7,20 

14,0 

0,21 

0,15 

99,82 

C 

F 

45,5 

0,57 

.23,2 

6,87 

0,09 

8,67 

14,1 

0,42 

0,14 

99,56 

C 

F 

. 45,2 

0,44 

24,7 

6,14 

0,0 7 

8,90 

14,3 

0,41 

0,16 

100,32 

C 

F 

45,6 

1,15 

12,6 

19,0 

0,22 

11,3 

11.4 

0,07 

0,19 

101,53 

. LBR 

F 

46.3 

1.89 

10,1 

24,4 

0,32 

4,90 

n,7 

0,29 

0,26 

100,16 

GRGY 

F 


R.I* “ Refractive index. 

COLOR CODE* 0 = opaque, RD = red, Y ~ yellow, BR = brown, 

GR = green, GY = grey, BL = blade, BGR - bottle 
' green, WH = white, C = colorless, P = pale, L = 
light, D == dark (for Apollo 15 PGR ~ pistachio or 
emerald green) , 

TYPE I F = fragment, S = spherule, B = bleb. 



TABLE 10 


Average Glass Comp os it ions Compared to Bulk Soil Composition 


Sample No. lOOSi}- 

12057 

12070. 


SiOg 

Soil Ave. Glass Ave. Glass Soil 
[ 1 ] ( 9 ^) ( 118 ) t 2 ] 

41.78 43.0 45.8 45.91 

Ave. Glass 
( 40 ) 

44.5 


TiOg 

7.41 4.69 

2.29 

2.81 

2,20 


AlgO^ 

FeO 

13.47 16.9 

16.2 

12o50 

18.2 


15.65. 12.8 

13.0 

16.40 

12,1 


MnO 

0.22 0.15 

0.14 

0.22 

0.13 


MgO 

8.07 8.80 

9.19 

10.00 

9.03 


CaO 

12.13 12.4 

12.7 

10.43 

12.5 


Na „0 

0.37 0-38 

0.50 

0.41 

0.33 



0.15 0.13 

1 ' 

0.31 

0.25 

0.23 


Sample No. 141^8 

14149 

14156 

14163 



Ave. Glass Ave, Glass Ave. Glass 

Soil Ave. Glass 


( 38 ) 

( 44 ) 

( 33 ) 

■C 2 ] 

( 64 ) 

SiOg 

46.3 

46.0 

46.7 

47.17 

47.8 ■ 

TiOg 

1.5^ 

1.90 

1.77 

1.79 

1.73 

AlgO^ 

FeO 

17.6 

15.6 

18.5 

17.22 

18.4 

11.3 

12.4 

10,6 

10.35 

10.2 

MnO 

0.12 

0.15 

0,12 

0.22 

0,12 

MgO 

10.1 

9.91 

9.33 

9.37 

8.59 

CaO 

11.7 

10.8 

11.9 

10.95 

11.7 

Na 0 

0.58 

0.57 

0.77 

0 . 66 

0.87 

K ,0 

0.45 

0.43 

0.42 

0.58 

0.59 


TABLE 10 (conVd) 


Sample No, 

1^230 , 82 

15041 

15101 

Ave. Glass 

{ 1 ^ 5 ) 

Ave. Glass 
(89) 

Soil 

[2] 

Ave. Glass 

(57) 

Si0„ 

46.2 

46.6 

>*5 -95 

45.0 . 

TiOg 

1.38 

1.67 

1 B 27 

1.47 

AlgO^ 

FeO 

18.7 

15.5 

17.38 

13.1 

10.4 

13.4 

11.65 

16.2 

MnO 

0.13 

0.16 

0.16 

0.18 

MgO 

9.09 

11.3 

10.36 

13.2 

CaO 

11,9 

10.6 

11.52 

10,1 

Na„0 

0.55 • 

0,60 

0.39 

0.44 

KgO 

1 

0.35 

0,26 

0,17 

0.25 

Sample No, 

15301 


63501 

/ 

64501 



Soil 

Ave. Glass 

Soil 

Ave . Glass 

Ave, Glass 


[2] 

(61) 

[3] 

(62) 

(58) 

SiOg 

45.91 

45 « 8 

45.02 

44.8 

46.2 

TiOg 

1.17 

1.74 

0.53 

1.09 

1.06 

A1 0 

14.53 

12.9 

27.72 

24.4 

25.0 

FeO 

14.05 

15. 8 

4,72 

7.23 

7.38 

MnO 

0.19 

0.17 

0,07 

0.10 

0,12 

MgO 

12.12 

12.9 

5.25 

7.23 

6.52 

CaO 

10.70 

9.80 

15.87 

14.6 

13.0 

Na„0 

0.35 

0.53 

0.47 

0.52 

0.95 

K,0 

0.16 

0.35 

0.05 

0.19 

0.26 


TABLE 10 (con-b’d) 


Sample No. 6850 I 


7^220 





Soil 

Ave. Glass 

Soil 

Ave. Glass 

Soil 

Ave. Glass 


[ 3 ] 

(70) 

Cl] 

( 79 ) 

[ 4 ] 

(92) 

SiOg 

45.18 

44,8 

38.57 

41.1 

41.55 

44.2 

TiOg 

0,58 

1.09 

8.81 

7.10 

7.44 

2.82 

AlgO^ 

26,65 

24.5 

6.32 

9.81 

13.35 

19.2 

FeO 

5.48 

7.15 

22.64 

19.1 

14.89 

10.9 

MnO 

0.07 

0.12 

0.30 

0.26 

0.22 

0,14 

MgO 

6.28, 

7.01 

14.44 

13.9 

9.19 

9,61 

GaO 

15.35 

14.0 

7.68 

7.83 

11.54 

13.0 

NapO 

0.47 

0.74 

0.36 

0.64 

. 0.48 

1 

0.56 

V 

| 0,11 

0 , 25 

0,09 

‘ 0,09 

10.12 

0,08 


I 


Sample 

No. 78421 

Luna 

20 


Ave, Glass 

S oil Ave 

!. Glass 


( 4 o) 

[ 5 ] 

(20) 

SiOg 

42,2 

44.40 

45.7 

TiO 

4.22 

0.56 

0.65 


17.9 

22.90 

22.7 

FeO 

12.3 

7.03 

8.58 

MnO 

0.22 


0.12 

MgO 

10,6 

9.70 

8.18 

GaO 

12,5 

15.2 

14.3 

Na^O 

0.38 

0.55 

0.38 

K30 

0.08 

0.10 

0.17 


, [1] Apollo 17 Preliminary Examination Team (1973) Science 182 , 

659. 

^[2] LSPET ( 1972 ) Science 175 . 363- 

1C3] HuLLard et al, (1973) Geochim. Cosmochim. Acta, Suppl. 129?. 
[43 Rhodes ^ (197^) Lunar Science V (Lunar Sci. Inst.i 

Houston) p. 630 . 

[5J Vinogradov (1972) Am. Geonhys. Un., Trans, 53. i 820, 


SABLE 11 


Average Corappsition of High AlgO^ Bottle-Green Glasses and. 



Apollo 

16 Soils for 

Comparison 



Apollo 11 

Apollo 12 

Apollo 14 

Apollo 15 


( 10 ) 

( 11 ) 

( 15 ) 

( 2 ) 

SiOg 

ij '6 . 2 +1 . 0 

44,7 + 0.4 

45.1 ±0.5 

45.9 +0.6 

TiOg 

0.4 +0.07 

0.34+0.06 

0.36+0.04 

0 . 48 + 0.02 

AljO 

25.1 +1.0 

24.8 +0.7 

25.2 + 0.8 

24.8 + 0.9 

FeO 

5.77+0.34 

5.74+0.58 

5. 80+0. 43 

6.32+0.18 

MnO 

0,07+0.01 

0,09+0.05 

0.07+0.01 

0,08+0.01 

MgO 

7 . 65 ± 1 .o 4 

8.94+0.92 

8 . 40 + 0,95 

8.50+0.40 

CaO 

14,5 + 0,4 

15.8 +1.0 

14.8 + 0.4 

14.2 + 0.1 

NagO 

0 . 20 + 0.11 

0.15+0.06 

0 . 22 + 0 . 07 

0 . 12 + 0.04 


0,06+0.02 

0.06+0.04 

0 , 10 + 0 . 04 

0 . 18 + 0,05 



Apollo 16 
( 6 ) 

Apollo 17 
( 14 ) 

Luna 20 
( 1 ) 

Apollo 16 Soils' 
( 11 ) 

SiOg 

45 • 8 +0 • 5 

45.6 + 0,7 

45.5 

45.1 

TiOg 

0.25+0.23 

0.22+0.15 

0.44 

0.56 

AlgO 

26.2 +1.1 

25.5 +1.5 

24.7 

27.25 

FeO 

5.44+0.75 

5 .58+1 • 06 

6,66 

5.25 

MnO 

0.09±0.10 

0,13+0.04 

0.08 

0.07 

MgO 

7 . 38 ± 1 . 14 

8.99+1,15 

8.53 

5*86 

GaO 

14,8 +0.7 

13.5 ±0.3 

14.8 

15.7 

Ka^O 

0 . 40 + 0.24 

0 . 70+0 . 13 

0.21 

0.42 

V 

0.17+0.05 

0.15+0.03 

0.12 

0,10 


’‘’LSPET ( 1973 ) Science 179 . 23 . 
0 Number of analyses, 

+ One standard deviation 



TABLE 12 



Percent 

Abundance 

of Major 

' Glass 

Types in 

Each Sample 



Sample No. 
Group* 

10084 

(94) 

12057 

(118) 

12070 

(^3) 

14148 

(38) 

14149 

(44) 

14156 

(34) 

14163 

(64) 

14230 , 
82 
(45) 

15041 

(89) 

1 

30.6 

■ 14.4 

34.9 

28.9 

11.4 

26.5 

25.0 

31.1 

11.2 

2 

12.9 

31.6 

7.0 

39.5 

56.8 

50.0 

57.8 

44,5 

33.7 

3 

56.5 

5^,7 

58.1 

31.6 

31.8 

20.6 

17,2 

24,4 

55.1 

i}- 

0,0 

0.0 

0.0 

0.0 

0.0 

2.9 

0.0 

0.0 

0.0 

Sample ffo. 
Group* 

15101 

(57) 

15301 

(61) 

63501 

( 62 ) 

64501 

(58) 

68501 

( 70 ) 

74220 

(79) 

74241 

( 91 ) 

78421 

(40) 

Luna 16 
(20) 

i 

8.8 

4,9 

77.9 

68.5 

75.4 

15.2 

62.1 

27.5 

75 

2 

24.6 

36.1 

11.4 

24.6 

17.4 

6.3 

5.7 

37.5 

10 

3 

66.6 

59.0 

9.8 

5.2 

7.2 

78.5 

32.2 

35.0 

15 

4 

0.0 

0.0 

0.0 

1.7 

0.0 

0.0 

0.0 

0.0 

0 


•*^Group 1 (Al 20 ^> 22 ^) = Maslcylinite, anorthosite, gaLLrolc anorthosite and. anorthositic 
gahhro . 

Group 2 (Al20^-<2^, FeO <135^) - KREEP and low-K, KREEP-lilce hasaltic glasses. 

Group 3 (AlgO^<22?S, FeO >1355) = Mare basaltic glasses. 

Group ^ (Si02> 60^) = granitic glasses. 

0 Kumber of glass particles analyzed. 



TABLE 13 


Major Element Compositions of High Silica Glass Particles 
from Sample 14259 Compared to High Silica Glasses in 
Crystalline Rocks an(^ Breccias 



14259 [1] 
(29) 

i^p9' l2] 
(17) 

Apollo 11 [31 
(35) 

Apollo 12 [4] 

14305 i5j 
(4) 

SiOj 

76.5 

77 

75.8 

76.3 

75.8 


0.2 

0.5 

0.53 

0.68 

1.3 

Al^Oo 

11 

12 

11.4 

11,5 

13.8 

FeO 

2.6 

0.5 

2.5 

3.0 

0.85 

MgO 

0.1 

0.1 

0.25 

0.07 

0.10 

CaO 

1.2 

0.5 

1,8 

1.6 ' 

0.89 

NapO 

1.8 

1 

0.35 

0.14 

0.70 


5.5 

4 

8 

6.4 

6.7 

7.9 

ra 

High -P e , 1 OV/-K gr oup . 

Note similarity to high SiOg 

inter- 


stitial or immiscible glasses in Apollo 11 and 12 rocks. 

[2] Low-Fe, high-K group. Note similarity to high-Si, K 
mesostasis in clasts in breccia 14305 > 77 • 

[3^ Apollo ir high silica immiscible glasses from Roedder and 
Weiblen (1971) Geochim. Gosmochim. Acta. Sunni. 2 . 522. 

[43 Average high silica interstitial glass in Apollo 12 basalts. 
Lovering et aJ., (1972) Geochim. Gosmochim. Acta. Su-p-pl. 3 . 281. 

f53 High-Si, K glass in mesostasis cf clasts in breccia 143Q5,77» 
Lovering ^ (1972). 


3 ?ABLE lif- 


Siae Dis'bri'bution of Lunar Glass Spherules and Microtektites 




Lunar Glass 

Beads 

Microtektites 

Dia. 

(pm) 

A -12 

(205) 

x^izr 

(175) 

Australasian 

( 264 ) 

Ivory Coast 
(621) 

125 

- 175 

59 

70 

4-7 

41 

176 

- 245 

27 

21 

30 

30 

246 

V 350 

8 

6 

14 

19 

351 

- 495 

5 

1 

6 

9 

496 

- 707 

1 

2 

2 

1 

708 

-1000 

0 

0 

0,5 

0.5 


C) Kumher 


TABLE 15 


Percent Abundance of Shapes of Ltinar 
Glass Spherules and Microtektltes 


Lunar Glass Beads Microtektites 



A-12 

A-14 

A-15 

Australasian 

Ivory Coast 

Ave. (^) 
(.539) 

Ave. {%) 

(515) 

Ave. (?S) 
(197) 

Ave. ifo) 
(854) 

Ave, C^) 
(984) 

Sphere 

62 

^7 

35 

65 

61 

Oblate Sphere 

25 

31 

51 

27 

25 

Lens 

<1 

<1 

6 

3 

3 

Oval 

8 


5 

3 

2 

Cylinder 

1 

2 

1 

<1 

<1 

Dumbbell 

1 

1 

1 

<1 

1 

Teardrop 

2 

4 

1 

2 

4 

Flat Forms 

0 

0 

0 

2 

5 


0 Number 



TABLE 16 

Wiajor Eleinent Composition of High SiO^ Apollo 



Apollo Xh 
Glass Sphere 

North American 
Microtektites 

siOg 

7^.6 

7^.7 

75.7 

TiOg 

0.56 

0,88 

0.62 

A1 0 

12. if- 

15.^ 

13.1 

PfeC 



3.83 

MgO 

0.30 

1.3-' 

0.82 

CaO 

2.6iJ' 

0.92 

1,01 

NagO 

0.58 

1.02 

0.77 

K^O 

3.35 

2.80 

2.73 


Glass Spherule and. Microtefetites 


Australasian Microtektites 


7^.3 

74.5 

74.8 

74,6 

0,7^ 

0.4i 

0.65 

0.51 

12.8 

12.8 

11 . 2 

11.7 

4.76 

4.10 

4.48 

5.40 

2.65 

1.33 

2.04 

4.28 

1,98 

2.96 

2.31 

2.73 

1.24 

1.21 

0.53 

0.51 

3.01 

3.49 

2. 10 

1.27 


Figure 1. SEM photomicrographs of lunar glass particles. 

A) Opaque black spherule (^^240 jam dia.) from sample 1205?. 

Note rock fragments embedded in surface, exposed vesicles 
(indicated by white halos caused by charging) and metallic 
beads (light colored) scattered over the surface, B) Ropy 
fragment jum long) with rock flour on surface from -sample 

1 ^ 163 . C) High magnification photomicrograph of ropy frag- 
ment with rock flour on surface from sample l4l63. Note ab- 
sence of rock flour on what appears to be a broken surface. 
Field of view ■%'80 x lOO jum, D) Splashed silicate material on 
end of'^klO >im long dumbbell from sample 1 ^ 163 , 

Figure 2. SEM photomicrographs of metallic beads on lunar 
glass spherules. A) Group of randomly distributed metallic 
beads on surface of a black opaque spherule from 12057. The 
metallic beads range in size from -40,2 um to ^3 diameter, 

B) Opaque glass spherule (-^320 jum dia.) from 10084 with metal- 
lic beads on its surface, The larger beads have coalesced to 
form an irregular mass. Electron microprobe analysis shows 
that they are composed predominantly of iron with a minor 
amount of nickel and a trace of cobalt and sulfur. Note the 
angular depression at the top of the spherule that was left 
when a mineral or rock fragment was dislodged during agitation 
with ultrasonic cleaner. C) High magnification photomicro- 
graph of irregular metallic beads shown in B. Magnification 
«1350X, D) High magnification photomicrograph of opaque glass 
spherule ('“490 jum dia, ) from sample 10084, The surface is 
covered w:.th numerous small metallic beads in a geometric pat- 
tern. The larger beads (up to ~2. 8 jam dia.) are surrounded by 
an area free of beads out to a distance from the central 

bead equal to about the diameter of the bead. At this dis- 
tance there is a ring of smaller beads. Several of the larger 
beads have fallen out leaving depressions encircled by a ring 
of smaller beads. 



Figure 3* Photomicrographs of 3.mpact pits and conchoidal 
fracture on lunar glass spherules. A) Simple glass-lined 
microcrater pit (<^6 pm dia.) with slightly raised rim on sur- 
face of yellow-green translucent spherule from sample 12057 • 

B) Glass spherule {r-'lkS pm dia.) with large (*^50 dia.) 
impact pit on surface. The impact pit is characterized by a 
central depression with a radial fracture pattern, surrounding 
it. C) Luna 16 oblate glass spherule (-^580 pm maximum dia.) 
with large micro-impact crater. The crater has a central 
melted area with a diameter of approximately 65 pm. Adjacent 
to the central melted pit is a radial fracture zone half of 
v/hich has spalled off. D) Conchoidal fracture on surface of 
deep-red glass spherule from the Apollo 17 orange soil sample 
7^220,89* Magnification A/ 50 OX, 

Figure 4. Histogram of refractive indices for ^9i lunar 
glasses: from this study and 87 from Chao et ( 1970 ). 

Figure 5« Refractive index versus SiO^ content for 538 
lunar glasses. Symbols used to denote color of the glass: 

0 = colorless, (D= pale green, yellow and greenish yellow, 
^ = yellowish brown, reddish brown or brown, (P = deep emerald 
green, •= deep red. 

Figure 6. Refractive index versus FeO content f or ^^580 
lunar glasses. 

Figure 7« Photomicrographs of polished surfaces of lunar 
glass spherules. A) Irregular opaque grey spherule (-^2^0 pm 
dia,). Note numerous relict crystals, vesicles and small metal 
lie beads (light-colored dots). See analysis number 188 Table 
9 for composition, B) Irregular transparent pale green glass 


spherule ('^230 yUm dia.) from sample 1008A^ containing -^25 small 
;uira dia.) black, opaq,ue octahedral crystals distributed in 
a plane through the spherule, taken in transmitted light. 

Insert is a high magnification photomicrograph of one of the 
crystals showing one of the octahedral faces in reflected light. 
Electron microprobe analysis indicates that the crystals are 
composed of -^9^ iron and 6fo nickel. C) Plagioclase laths 
(dark) in a glass fragment (-^800 jum across) from sample 12057* 
For composition of glass see Table 9» analysis number 1?6. 

D) Devitrified light grey, translucent spherule (~180 /m dia.) 
from 12057. E) SEM photomicrograph of polished surface of 
glass bead from the Apollo I7 orange soil (sample 7^220) 
showing olivine laths bordered by ilmenite (light-colored areas) . 
F) Transparent yellow -green glass spherule (^'-l^fO ;jim dia.) with 
large (24 x 32 Ai™) rounded, centrally- located leehatelierite 
particle (dark grey) from sample 12057* Photographed in re- 
flected light. 

Figure 8, Percent glassy agglutinates in the 149-295 
size fraction versus percent of sample (<1 mm fines) less than 
149 ;ura. 

Figure 9. Histograms of AlgO^ and FeO contents of glasses 
for each mission. 
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